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ABSTRACT  "  -  - 

This  course  contains  materials  for  both  classroom 
(and  shop)  instruction  and  independent  study  in  the  skills  needed  by 
construction  electricians.  It  was  adapted  from  military  curriculum 
materials . for  use  in  vocational  education.  Students  completing  the 
course  will  be  able  to  perform  apprentice  duties  pertaining  to'  the 
installation  of  overhead  electrical  distribution  systems  up  to  5,000 
volts,  operate  power  plants  up  to  200  kilowatts  singly  or 'in 
.parallel,  install  interior  wiring  systems  with  associated  electric 
devices  and  equipment,  and  perform  electrical  tests  and  maintenance 
on  115/230  volt  circuits.  Basic  electricity  and  electronics  is  a 
prerequisite  for  this  cpurse.  The  course  material,  which  covers  205 
hours  Of  instruction,  is  organized  into  four  units:  introduction, 
pole  climbing  indoctrination,  interior  electrician,  and  power 
generation  and  distribution.  The  course  contains  both  teacher  and 
student  materials.  The- teacher  materials  include  the  "Curriculum 
Outline  for  Construction  Electrician,  Class  Al"  and  two  instructor's 
guides.  The  curriculum  outline  contains  an  introduction  tol  the 
course;  outline  of  instruction;  outline  of  training  objectives;  and 
lists  of  texts;  references,  tools,  equipment,  materials,  training 
aids  and  devices,  and  a  master  schedule.  The  instructor  guides*  • 
contain  the.  lesson  outlines.  The  student  materials  include  four  texts 
plus  information  sheets,  job  sheets,  and  drawings.  (KC) 
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MHITAKT  CURRICULUM  MATERIALS  1 

•       -  '  ■  i  '      .    ■  t  . 

The  military-developed  curriculum  materials  in  this  course 

package  -were  selected  by  4  the  National  Center  fqjc  Research  in 

Vocational  Education  Military  Qii^eulum  Project  for  dissem- 

.  ination  to  the  six  regional  Curriculum  Coordination  Centers  and 

other  instructional  materials  -agencies  .  -The- purpose  of 

disseminating  these  .courses  was  to  make  curriculum  materials 

developed  by  the  military  more  accessible  to  vocational 

educators  in  the nciviliair  setting;  ;   .  ;  ~ 

The  course  naterials  weie*  acquired,  evaluated  by  project 
staff  .and  practitioners  ifrthe  :ieldf  and  prepared 'for-  * 
,dLgsemination.  Materials  which  were  specific  to  the  military' 
were  deleted,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  u$e  was  obtained. '  These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  support 
vocational  instruction  arid  curriculum  'development. 


The  National  Center 
Mission  Statement 

*  ^  * 


The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
-  the  ability  of  diveise  agencies,  instttUllDW 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual,  career  plarini/ig/  * 
preparation/ and  progression;  The  National 
Center  firffills  its  mission  by; 

•  Generatingrknowledge  through  research 

•  Developing  educational  programs  and'  * 
products  -  . 

-+ 

.    •  Evaluating  individual*  program  needs 
and  outcomes 

,  •  installing  educational  programs  and 
pjoducts 

Operating  information  systems  and 
services    #  ^  - 

•  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 
•  *  Military  Curriculum  Materials  - 
WRITE  OR  (tfLjC 

Program  Information  Office 

The  National Center  for  Research  in  Vocational 

Education  ►  * 
j  '  The  OhioSUte  University 

1960  Kenny  Road,  Columbm;  Ohio  '43210 
Telephone:  614/486.3655  or  Toll  Fret  800/ 

84M815  within  the  continental  U.S. 

(exoeptOhio) 
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What  Materials 
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.  ari  activity  td  increase-  the  accessibility  of  / 
military-developed  curriculum  materials  to 
vocational  and  technical  educators* 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes*  the  identification  and 
acquisition  of  curriculum  materials^  print 
form  from  the  Coast  Guard,  Air  Force,  . 
Arhiy,  Marine  Corps  and  Navy. 

Access  to  military  curriculum,  materials  is 
provided  through  a y'Jolnt  (Memorandum  of 
Understanding^  between  the  U.S.  Office  of 
Education  and^he  department  of  Defense. 


The  acquired  materials  are  reviewed  by  staff 
i&id  subject , matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

The*  National  Center  foT  Research  in; 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities.  ~  * 


Project  Staff: 


^Weste^rE.  Budke,  Ph.D.,  Director 
National  Ceater  Clearinghouse 

Shirley  A.  Chase,  Ph.D. 
Project  Director  N 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  or 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

,  Course  materials  include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  apd.  technical 
manuals. 

The  ,120  courses  represent  the  ^following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation 
Building  8e 

Construction 

Trades 
Clerical 

Occupations 
Communications 
drafting 
Electrbnics 
Engine  Mechanics 


Food  Service 
Health 

Heating  &  Ajr 
Conditioning 
Machine  Shop 
Management  & 
Supervision 
Meteorology  & 
Navigation 
Photography  4 
Public  Service1 
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The  number  of  courses  end  the  subject  areas 
*  represented  will  expand  as  additiopFmate-  • 
rials  with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination.  \***** ' 


Contact  the  Curr4cutumCoordiaation-Center_ 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly. or  refer 
you>to  an  instructional  materials  agency 
closer  to  you. 
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Rebecca  S.  Douglass 
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Director 
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.  1  * 


Court*  Description 

Students  completing  this  course  will  be  able  to  perform  apprentice  duties  pertaining  to^the  installation  of  overhead  etatrical  distribution  systems  up  to 
5.000 yottt,  operate  power  plants  up  to  200  KW  singly  or  in  parallel,  install  interior  wiring  systems  with  associated  electric  devices  and  equipment,  and 
perform  electrical  tests  and  maintenance  on  1 1S/230  volt  circuits.  Basic  electricity  and  electronics  is  a  prerequisite  for  this  courser       «  _ 

units.  The  first 
remaining  sections 


This  course,  contains  materials  for  205  hours  of  instruction  for  both  classroom  and  shop  use.  The  course  material's  are  ^ivided  into  four 
taction  of  Unit  1*1  and  all  of  Unit  Z2  were  deleted  because  they  deal  with  specific  military  procedures,  organization  and  forms.  The  re 
are  acceptable  for  >ise  in  vocational  education.  These  sections  include  the  fallowing:  > 

~   >  \  ^  .  '  "  *     *  -  \ 

WnrtlJ       - *'   IWoduction  •    #    .       •  - 


1*1.2  -    *  Study  Techniques  ( 1  Hour  classroom) 

1*1.3  -      Safety- Techniques  (1  hour  classroom)  % 

*>  *  *  •  • 

Unit  1.2  Pole  Climbing  Indo&rinetion  \  T 

„  -4.2.1  Po le  a imbirrg  Equ ipmt n t  and  Techniques  (2  ho urs  cjassroom,  9  hours  practical 

..  1.2.2  -    -  Pole  Qimbing  Practice  tc*Qualify  (12  hours  practical) 

Unit  1*3      -      interior  El^rtricien  ,  ^  *  , 

1,3.1'  *  —      Boxes.  Fittings  and  Electrical  Devices  [f  noun  classroom  I  t 
s  1— L  *****  Circuits  and  blueprints  <  7  hours  classroom ,  1  hour  practical).  4 

1.33  -  1  Conductors,  Splices  and  Connectors  (1  hour  classroom,  1  hour  practical) 

1*3*4  -      Code'  Studies  (5  nours'classroom)  «,  , 

*   1.3*5  *  -      Conduit  Installation  (2  hours  classroom,  12  hours  practical)  •  . 

1.3.6  -      Non44etailic  Sheathed  Cable  (2  hours  classroom) 

1*3.7  .  —      Service  Entrances  G</>oors#dassroom) 

1*3*8  -      UghtFrjctures<2h^rscJassrooml    '..       >  '    .  .  #' 

1.3.9  .  — .     Temporary  Wiring  (1  hour  classroom,  5  hour*  practical) 

1*3*10  -      Hand  Tools  and  Test  Equipment  (2  hours  classroom,  3  hours  practlpal) . 
.1,3.11  'Motors,  Motor  Controllers  and  Circuit*"  (6  hours  deesroojji)  *  » 

1,3.)  2  -  .    Cubicle  Wiring^  hour  classroom,  26  hours  practical)  * 

1.3*13  -      Maintenance  and  Trouble  Shooting  (2 ^ours, classroom;  7  hours  prKtical) 
'  **        .  *  / *       r  * 

Unit  2.1       -r      Power  OenoraUon  and  Distribution  - 

.  •  •   ^  * 

t        2,1,1  -      Tying  Knots  (2  hours  classroom,  4  hours  practical 

2.1*2  „  -  t     Framing  Poles  (1  hour  classroom,  5  hours  practical) 

2.1.3  Erecting  and  Setting  Poles  (2  hours  cleaaroom,  7  hours  practical) 

2.1.4  <»  -    *  Mounting  Crossarms,  Bins  arid  Insulators  (2  hours  classroom,  1 3'hours practical) 

2.1 .5  -      Guying  Poles  (2  hours  classroom,  7  hours  prKtical) 

2.1.6  ,  -      Stringing  Primary  Line  Conductors  (1  hour  classroom,  1 0  hours  practice  if  . 
\    2*1.7  —      Transformers  and  Protective  Equipment  (1  how  classroom,  5  hours  practical)  f 

2.1 .8  -      Stringing  Secondary  Mains  <1  hour  classroom,  6  hours  prKtical) 

.     2.1.9  -      Transformer  Connections  (3  hours  classroom,  4  hours  prKtical) 

2.1.10  .  Pole  Top  Rescue  0 -hour  classroomr6  hours  practical)  " 
2*1.1 1  -     ..Power  Plants  (2  hours  classroom,  7  hours  practical) " 

*  2.1.1 2  —  ,    Systems  Testing  (1  hour  classroom,  2  hours  practical) 

;      2.143  —      Disassemble  Pole  Line(  1  hour  clessroom,  10  hours  practical) 


The  course  contains  both  teacher  and  student  materials.  The  teacher  materials  include  the  Curriculum  Outline  for  Construction  £fectrici*n4  CIsssA  t  a'nd 
two  instructor's  guides.  The  curriculum  outline  contains  an  introduction  to  the  course;  outline  of  instruction;  outline  of  training  objectives:  and  lists  of 
texts,  references,  tools,  equipment,  materials,  traTningjids  and  devices,  and  a  master  schedule.  The  instructor  guides  contain  the  lesson  outlines.  The 
student  materials  include  four  texts  plus  information  sheets,  Job  sheets,  and  drawings.    .  •  o  % 

Three  Navy  and  three  commercial  texts  are  required  but  are  not  included.  One  Navy  and  two  commercial  references  are  suggested.  The  following  films 
are  suggested  for  use  but  are  not  provided: 


CLI-001  Climbing  with  Confidence  US.  Army 

HOW401  *  '  How  Distribution  Transformers  are  Made  TP  1 1  '271 7 

ITS^OI  -  It's  CSP  for  Me  TP  1 1-2718 

PO  L-00t._       Pole  Top  Rescue  and  Closed  Heart  MaSsage  TP  1 V2827 

♦  .  .  TF-5660 

US,  rYavy 

MA-574LA2  Erecting  Large  Poles  TF-6027 
MA-2564         Installation  of  aossafrrfs                                    '  TF-6037 

'  MS-9669         First  Aid,  Part  IV,  Resuscitation,  Mouth- tc-Mouth,  TF-6180 

Nose-to-Nose  '  ' 

MC-8317         Lifeline  of  the  Lineman 


X 

Pole  Line  Construction,  Part  V,  Installation  of  Anchors 
Pole  Line  Construction > Part  VI.  Instillation  of  Guys 
Climbing  and  Working  on  Poles  •  i 

■  Motor  Connections  in  Three  Pha***  and  Single  Phase 
Induction  Motors 

Roughing*in  Non*Metallic  Sheathed  Cable  - 
Conduit  Installation 
Motor  Control  System . 


—  -  X  % 
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#        t  INTRODUCTION . 

I.    -This  curriculum  was  developed  by  Naval  Construction  Training  Center, 
Port  Hueneme,  California  93043,  as  Course  Model  Manager,  and  is  effective 
upon  final  approval  of  the  Chief  of  Naval  Technical  Tracing. 


2.  Coewands  are- invited  to  submit  explicit  comments  on  the  content  of  this 
curriculum  to  the  Commanding  Officer,  Naval  Construction  Training  Center, 
Port  Hueneme,  California  93043,  with  copies  to  the  Chief  of  Naval  Technical 

jjgy*1  Air  Station  Memphis  (75),  Millington*.  Tennessee  38054,  and 
the  Commanding  Officer,  Naval  Construction  Training  Center,  Gulfport, 
Mississippi  39502.  . 

3.  Training  notes  - 

This  course  has  been  developed  and  designed  in  accordance  with  the 
•  principles  of  systems  engineering.    In  order  to  insure  that  the  objectives  of 
each  unit  are  met,  it  is  expected  that  the  instructor  will  teach  the  topics 
as  outlined  in  accordance  with  the  referenced  publications.    Deviation  is 
•llow,»  only  to  exceed  or supplement  the^ required  instruction.  Lesson 
outline  is  the  instructor  guides  are  to  be  -used  as  a  guide  in  the  presentation 
of  the  lesson.   While  it  is  compulsory  chat  all  objectives  0f  each  training 
period  be  met,  it  is  recognized  that  the  specified  times  established  for  each 
lesson  may  vary  with  the  achievement  level  of  each  group  of  students,  the 
number  of  students  per  cycle,  the  instructor-to-student  ratib,  and*  the 
availability  of  facilities.    It  is  the  responsibility  of  the  school  to  provide 
.  for  the  efficient  implementation  and  administration  of  this  publication  and 
cq  ensure  thtt*.  «i»ch  of  the  learning  activities  outlined  herein  is  taught  in 
a  manner  which  provides  a. maximum  gain  in  knowledge- and^kHl-f or  each  student. 

4.  Training  Methods  *- 


a. 


The  traditional  methods  of  conference,  demonstration  and  practical 
exercise  are  used  during  this  course  of  instruction.    In  keeping  with  changes 
which  potentially  will  benefit  the  instruction,  other  methods  are  also  included: 

■  * 

CD    Information  presentations:    These  are  designed  primarily  to  make 
information  available  in  a  group' setting,  have  no  objectives,  and  are  not 
instructional,    No, tests  are  'given  on  information  presentations. 

(2)    Self-study,  text  materials:    These  individualized  materials  do  have 
objectives- and  are  instructional  and  will  be  tested  at  the  end  of  each  section 
of  the  student  workbook. 

.(3)    Group  audio-visual  presentations:    These  presentations  can  be  . 
either  informational  or  instructional.  , 


@)    Progress  evaiuaeiotrtesti — Tests-that-are-inserted-atr-cr-itical- 
points  to  determine  students *. capabilities  to  perform  objectives. 

 (5J — GroupuiB.tegactive  Iprfnre;    Group-participates-by  respondinr  to 

situations  presented  verbally  by  the  instructor  or  in  the  workbooks  provided 
to  the  students.    .  . 
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b.  **  Schobls  will  emphasize  the  importance  of  performance- 
orientated  trainig  wherein  learning-by-doing  rather  than 
listening  and  watching  is  practiced.     Ti ie  devoted  to  the 
traditional  methods  of  instruction  will,  be  limited  in  favor  . 
the fmettiods  depend  to  a  great  extent  on  availability  of 
audi^-visual  aids,  there  are  other  alternatives  that  can  be 

developed  at  the  training  center  using  existing  material. 

.*_./. 

7  ff.  -  The  student  learns  best  in  a  job-relevant  environment.  Time 

devoted 'to  lectures,  conferences.,  and  demonstrations  should  be  held  to 

the  minimum  required  for  explaining  the  objectives,  course  organization, 

safety  precautions,  and  other  introductory-type  subjects  pertinent  to 

the  course*  .  *  \'  ....  . 

•  ■       *  -  -~  >         »       -  .  _   _  * 

5 .    Testing  Concepts; 

Criterion  testing  (tests  designed^to  measure  performance  of  specific 
objectives)  will  be  used  to  measure  student  performance  •    Each  student 


of 


will  be  tested  on  sach  learning  objective  to  the  legel  of  proficiency  

stated  .in  the  objective.   A  series  of  performance  tests  for  each 'scheduled 
evaluation  is  /provided  at  the  end  of  each  unit .   Each  test  requirement  or 
problem  is  closely  related  to  specific  training  objectives  and  performance 
standards.    Standards  of  proficiency  are  stated  explicitly  in  performance 
tests.    Proficiency  testing  Is  conducted  using  the  pass/fail,  go/no  go 
technique.    Student  performance  during  the  formative  tests  will  provide 
indicators  as  to  need,  for  additional  training  on  an  Individual  or  group  * 
^asis.    Performance  on  the  pass/fail  tests  conducted  after  each  phase  of 
*  the  course  provides  the  basis  for  determining  whether  or  not  a  student  will 
be  graduated.    Unit  tests  will  be  usejl  in  determining  i.lass  standing  and 
honor  graduates;  „ 

6.    How  to  use  Instructor  Guides 

Instructor  Guides  are  provided  for  each  topic  and  include  supporting 
instructional  materials  and  aids  identified  by  the  topic  'number  preceded 
by  a  letter  code  designation.    The  letter  code  key  is  as  follows:  _ 

AS  -  Assignment  Sheet  m 
JS  -  Job  Sheet  4 
IS  -  Information  Sheet 
CN  -  Class  Notes 
•  OS  -  Operation  Sheet 
T  -  Test 

FT  -  Final  Test  ^ 
TRS-  Transparencies 
DS  -  Diagram  Sheet 

PS-^-Problem-5heet  -  "   _  „ 


?E  -  Performance  Evaluation  ~~  " 

 WB  -  Workbook—  —  

G  -  Definition  of  item~in  general 

A  complete  list  of  all  supporting  materials  and  aids  is  documented  with 
full  descriptive  titles  in  ANNEX  I,  thru  VII. 

-  e 
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The  In  tructor  guides  are  intended  to  be  used  as  master  lesson  plans 
subject  to  personalisation  bv  the  individual  instructor .     In  all  cases, 
/  *tt  is  expected  that  the  instructor  will  study  tne  reterences  in  preparation* 
for  annotating  the  guide.    It  is  also  expected  that  each  instructor  will 
develop  air  appropriate  introduction  for  each  topic  that  will  (1)  create 
interest,  (2)  show  the  value  of  the  topic  to  the  student,  (3)  relate  the 
topic  to  previous  and ^future  topics  in  the  course,  and, (4)  communicate  the 

 learning  objectives~to  the  student.   Well' prepared  introductions  will  then  ' 

provide  the  important  motivational  conditioning  to  establish  readiness  and 
e/fect  for  learning  appropriate* to  eaoh  topic. 

The  first  page  of  each  instructor  guide  contains  the  following  functional 
information:  * 

0 

1 .  *  Topic  o'f  Lesson  1  *  , 

2. -    Time  in  Periods  -  * 

3 .  References  » 
A.    Instructional  Aids 

5.    Instructional  Materials 
.   6.    Objectives  (Terminal  and  Enabling) 
7.  .Topic' Criterion  Test  (as  applicable) 
 8.    Homework  Assignment  (when  applicable)  -d  1  

The  pages  following  page  1  of  each  ins tructor\  guide  provide  in  a  three- 
column  format  the  teaching/ learning  procedures  for  conducting  the  lesson. 
The  left-hand  column  includes  the  outline  of  instructional  content  required 
by  the  objectives;  the  center  column  includes  recommended  instructor  activities 
,or  methodology ;  uhe  right-hahd  column  contains  recommended  student  learning"  * 
activities.      1  '  % 

"  -r 

a.    While  the  methodology  and  student  learning  activities  documented  in 
each  instructor  guide  have  been  tested  and  proven  to  be  effective  for,  the 
lead  school,  those  schools  implementing0  this  curriculum  are  encouraged  to 
—  "exercise^cre.atiyity  in  designing-  learning  "exercise's  and  conceiving  methods 
and  techniques  to  meet  course  objectives ™ 

•  •  b.    Instructors  and-  supervisors  of  instruction~should  constantly  evaluate 
the  program  and  seek  new  and  more  effective  methods,  content  and  procedures 
to  improve  their  instruction.   Vhen  changes  in  this  curriculum  become  nec- 
essary because  of  new  developments  or  because  of  needs  that  become  evident 
through  experience  gained  in  using  the  curriculum,  the  school,  command  is  s 
„  encouraged L to  take  appropriate  action.    The  types °of  changes* and  the  condit- 

ions  under  which  they  will  be  made  are  as  follojws:  ~ 
*  * 

(1)    Type  A  changes  and  those  of  course  length;  change  in  title  of 
the  course;  or  addition,  deletion  or  alteration  of  blocks  of  subject  matter 
to  such  an  extent  that  the  objectives  of  courses  are  changed, 'or  that 
»   logistics,  personnel  allocations,  funds  and  the  like  become  involved.  For 
Type  A  changes,  the  CNTECHTRA  (Code  0162A)  must  participate  in  the  planning, 
-development  and  execution.    Type  A  changes?  may  not  be  made  effective  until 
appxoyeA^the  Chief  oXJjaval  Technical  Training. 
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>  (2)    Type  B  changes  are  those  within  established  structure  of  the 

course  such  as  changes  in  instructional  emphasis  that  we  brought  about  by 
changes  in  topic  content  or  time  re-allocatioft  (other  than  minor  adjustments 
An  time)  ,  changes  in  Instructional  procedures,  and  similar  actions  (fhat 
wil Taltw-  the -objectives  of  a  topic.    For  Type  B  changes,  approval  of  thv 
Chief  ~6f  Naval  Technical  Training  must  be  gait\ed  prior  to  implementing 

the  changes.  9 

*  ~  ■> 

(3)    Type  C  changes  include  corrections  of  clerical  errbrs;  insertion 
,  of  titles  and  designations  of  new  films;  publications,  and  equipment}  minor  * 
adjustments  in  time  allocations;  additional  suggestions  to  assist  the  instructor 
and  so  forth.    For  Type  C  changes,  the  Chief  of  .Naval  Technical  Training  must 
•be  notified  in  writing  of  the  nature  of  the  changes,  with  sufficient  information 
on  the  mechanics  Sf  the  changes  to  make  possible  the  maintenance  of 'an  up-to-date 
copy  of  the  curriculum,    in  order  to  avoid  unnecessary  paper  wox^k,  Type  C 
changes  may  be  accumulated  and  reported  only  when  the  quantity  oV  occasion 
warrants.  - 

c.  'Formative  Test?    During  the  gtsssrooa  phase  of  the  instruction' at  

specific  checkpoints  identified  by  thi  instructor,  informal  written  tests 
will  be  administered  to  demonstrate  mastery  of  specific  ^subjects.  These 
*  tests  are  designed  to  reinforce  learning.    Tests  are  administered  atv  the  * 
end  of  each  unit  of  instruction.    Formal  tests  may  vary  from  10  -  25  multiple- 
choice  questions  and  will  hav?  bearing  to  Influence  class  standing  and  to 
determine  honor  graduates*  .  * 

7.    Peer  Instruction  "  4 

It  is  envisioned  that  those  students  who  learn  faster  or  who  have  previously 
developed  a  particular  skill  can  be  used  (after  demonstrating  proficiency  in  the 
subject)  as  peer  instructors  to  assist  slow  learners.  .This  technique  enhances 
motivation  and  *arly  subject  mastery  while  minimising  requirements.    C?re  should 
<  ,  be  taken 'not  to  Ipair  students  with 'widely  disparate  learning  abilities,  i.e., 
.  a  student  who  has  finished  step  10  should  not  b4  paired  with  a  student  who  is 
finishing  step  2.    He  should  help  a  student  who  is  finishing  step  8  <or  9  and  a 
Student  who  has  finished  step  3  or  4  should  help  the  student  at  step  2.    In  this 
way^  there  is  a  better  chance  that -there  will  be  no  resentment  of  the  peer 
instructor  and  he  will  also  receive  reinforcement  from  the  instruction,  having 
— — just^-completed- the^tas  k_h  imae  1  f .  
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.  COURSE  DATA.  PAGE 

COURSE  MISSION:    Upon  completion  o'f  tfhe  training  outline  in  this  course,  t 
student  will  be  able  to  perform  apprentice  duties  pertaining  to  the 
installation  of  overhead  distribution  systems  up  to  5,000  volts,  operate 
power  plants  up  to  200  KW  singly. or  in  parallel,  install  and  operate  a 
tactical  field  telephone  system,  install  interior  wiring  systems  with 
associated  electrical  devices  and  equipment,  and  perform  electrical 
tests  and  maintenance  on  115/230  volt/ circuits. 
-   ,         :   -     —    .  .... 

PERSONNEL  AND  RATINGS  ELIGIBLE:  Selected  CR,.CA,  CN,  SN  and  FN  volunteers 
.for  Group  VIII  rating.  *.  _  ■ 

OBLICATED  SERVICE:    See  TRANSMAN,  NAVPERS  15909  (Series) 
NEC  GAINED:  None 

PHYSICAL  REQUIREMENTS:    Vision  correctable  to  20/20  with  accurate  color 
perception  . 

SECURITY  CLEARANCE  REQUIRED:  None 

PREREQUISITE  TRAINING  AND/OR  BASIC  BATTERY  TEST  SCORES  REQUIRED: 

GCT  +  ARI  »  105  and  successful  completion  ot  Basic  Kiecttitlt^Elw^roxiicy 

Programmed  Instruction  Course,  NAVPERS  94558  * 

GRADING  WEIGHT  FACTORS:    Performance  of  tasks,  throughout  the  course  will 
be  graded  on  a  go/no  go  basis  with  written  tests  given  at- the  end  of 
each  phase*    Final  grade  to  be  class  ranking  specifically  designed  to  1 
enable  the  Commanding  Officer  to  comply  with  Bureau  of  Personnel  \ 
directives  relative  to  meritorious  advancement. 
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•OUTLINE  OF  INSTRUCTION 


tOPIC     Unit  l.l 


Introduction 

1. 1.0  HAVfcONSTRACKN  I  n<l  or  I  rlnnflon 
J .1. 1     Registration  and  Or lentat Ion 

1.1.2  .  .Study  Techniques 

1.1.3  Safety  Policies 


Unit  1.2     •  ^  ' 

Pole  Climbing  Indoctrination 

1.2.1  Pole  Climbing  Equipment  and  Techniques. 

1.2.2  Pole  Climbing  Practice  to  Qualify 


Unit-1.3 

Interior  Electrician  " 

1.3.1  Boxes,  Fittings  and  Electrical  Devices 

1.3.2  Basic  Circuits  and  Blueprints 
-1.3*3     Conductors,  Splices  arid  Connectors 

1.3.4     Code  Studies  .      fV>  —  — 

1*315     Conduit  installation 
1.3.6     Non-Metallic  Sheathed  Cable  > 
•1.3.7     Service  Entrances  . 
1.3. ft  LightFixtures 

1.3.9  Temporary  Wiring — 

1.3.10  Hand  Tools  and  Test  Equipment 

1.3.11  Motors,  Motor  Controllers  and  Circuits 

1.3. 12  Cubicle  Wiring 

1.3.13  Maintenance  and  Trouble  Shooting 
Student  Written  Evaluation  for  Class 
Standing 
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" TOPIC      *  Unit  2 . 1 

„       I'ower  Ccnerition  anil  Distribution 

"2  .T.T  Tying  Knots 

2.1\2_  ^Framing  Poles 

2.1.3  Erecting  and  Setting  Poles 

2.1.4  Mounting  Crossarms,  Pins ^and  Insulators 

2.1.5  (Juying  Poles 

2.1.6  Stringing  Primary  Line  Conductors 

2.1.7  Transformers  and  Protective  Equipment 
2*1.8  r Stringing  Secondary  Mains 

2.1.9  Transformer  Connections 

2.1.10  Pole  Top  Rescue 

2.1.11  Power.  Plants^  „ 

2.1.12  Systems  Testing 

2.1.13  .  Disassemble  Pole  Line 

Student  Written  Evaluation  for  Class 
•  Standing 
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Unit  2.2 

Field  Telephone  Communications 


2\2.1     Tactical  Field  Telephone  and 
Switchboard 

/Graduation  * 
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*  Total  Periods  Classroom:  73 

*  Total  Periods  Practical:  168 

*  Total  Periods. for  Course:  241 
**  Total  Periods  GMT:  40. 

—  Administrative  Time:  07.  Periods 

Total  Weeks  for  Course:       08  ■ 


>*  All  periods  represent  60  minutes  of  actual  instruction.  f 
**  GMT*-  General  Military  Training  required  by  0PNAV  Instructions 
1500 /22B,  etc.  •    .\  V 


OUTLINE  OF  TRAINING  OBJECTIVES 

Unit  1.1    INDOCTRINATION  .  Contact  Hours:  1 

Terminal  Objective:    Upon  completion  of  this  unit  of  instruction  the 
student  will. have  registered  for*  the  course,  jreceiv&d  course  text  hooks, 
oifMwred  questions  pertaining  to  key  points  on  the  organization,  mission  m 
cmh;  regulations  of  NAVOONSTRACEN  and  CBC,  reviewed  «Ust  schedule,  been 
introduced  to  class  counselor,  stated  the  standards- of  the  school, 
desaribed-'the  benefits  that  can  be  derived  from  gbud  study  technique,  ■ 
suited  how  to  ^report  accidents  or  fire,  and  listed  the  safety  practices 
that  [ath  enforced  In  Clio  Tichodi.^  t~  —  r-  _       ,   ^c 

Tfiiir  1.1.0   tfAVCONSTKACKN .  INDOCTRINATION  Contact  Bourn:  ^ 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  have 
answered  questions  pertaining  to  key  poiats  on  the  organization,  mission 
and  regulations  of  CBC  and  NAVCONSTRACEN .    The  student- will  complete  , 
the  Indoctrination  Response 'Sheet  001/ 91 1C  with  100%  accuracy.*  * 

Topic  1.1.1    REGISTRATION  AND  ORIENTATION  -  '         Contact  Hours:  \ 

Enabling  Objectives}    Upon  completion  of  this  topic  the'  sn»drnt' will  have 
registered  for  the  course,  received  text  books,. met  his  class  counselor, 
and  stated  the  standards  of  the  school  without  reference  to>  written 
material. 

-Topic  1".  1.2    STUDY  TECHNIQUES  Contact  Hours:  '  1 

Enabling  Objectives:'  Upon  completion  of  this  topic  the  student  will 
"demonstrate,  his  nbtlity'to  scatc  orally  the  benefits  of  good  study 
techniques.    He  will  do  this  in  answer  to  key  questions  based  on  his 
Information  sheet  and  on  .the  instructor's  emphasis  during  the  period. 

•     ■  .  •    -  f  6 

Top i>   1.1.3    SAFETY  POLICIES      -  —  ■        ■>  Contact  Hours:  1 

Enabling  Objectives:  Upon  completion  of  this  topic  the  student  will 
demonstrate  his  ability, .to  answer  specinc  oral  or  written  questions 
regarding  key  policies  governing  the  safe  handle  .g  of  equipment  and 
materials,, consideration  for  personal  safety  (including  avoiding  and 
eliminating  fire  hazards);  methods  of  reporting  accidents  and  fires; 
"and,- dutl¥8~and^spon-8ibilitle8  of  the  class-safety  man. 

.  .Unit  1.2    POLE  CLIMBING  INDOCTRINATION-  Contact  Hours:  23 

Terminal  Objective:    Upon  completion  of  this  unit  of  instruction  the 
student  .wili  be  able  to  select ,x adjust ,. and  use  pole  climbing  equipment 
to  climb  a  35  foot  pole  in  accordance  with  the  Prograkned  Instruction, 
Series  0717590,  "Pole  Climbing  Techniques'^  y  


Topic  1.2.1  POJ.E  CLIMBING  EQUIPMENT  AND  TECHNIQUES     Contact  Hours 

Enabling  ObjecVices;    Upon  completion  of  this  topic  the  student 
will  be  able  to  identify,   inspect,   adjust'  and  perform  n\ain- 

5  ou  climbi-n g— e quip ntent—  p r i 0X-^LQ_cJLjmbjLn g  a  20  foot 

practice  pole.     Steps  of  procedure  will  be  performed  in' accord- 
ance-with  the  Programmed  Instruction, .series  071/590,  "Pole  * 
Climbing  Techniques",  without  error.  0 

Topic  1.2.2    PRACTICE  POLE  CLIMBING  TO  QUALIFY  Contact  Hours:  12 

Enabling  Objectives;'  Upon  completion  of  this  topic  the  student  will  be  ^ 
able  to  c\imb  a  35  foot  pole  to  within  2  feet  from  the  fop,  belt  off,  . 
circle  the  pole  clockwise  and  counterclockwise,  unbelt?  and  descend  to 
the~ ground.    Pole  qlimbing  techniques  will  be  performed  in  accordance 
with  steps  of  procedure  outlined  in  the  Programmed  Instruction,  Series 
r07jL'/590,  "Pole  Climbing  Techniques",  without  error  in  order  to  qualify 
for  "Lineman".  -  ^  ' 

Unit  1.3    INTERIOR  ELECTRICIAN  .        Contact  .Hours:  108 

Terminal  Objective:    Upon  completion  of  this  unit  the  student  will  be 
able  to  use  electrician1 s  tools  to  install  and  test  electrical  material 
and  equipment  within  an  open  framed  building,  and  a  reinforced  foncrefce 
slab  area  with  surrounding  concrete  masonry  unit  wall.  Installations 
will  conform  to  the  completed  drawings  that  follow  prescribed  code  . 
rulings  and, calculations  as  outlined  in  the  appropriate  job  sheets. 


Topic  l.i.l    BQXhbt    I'lKNta^yi^^^  Contact  Hours: 

♦ 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able»to  install 4>oxes,  fittings,  artd  electrical  devices  within  in  open 
framed  building.    Evaluation  &f  this  topic  will  be  conducted  during 
Topic  CE  "A"  IG  1.2.12  and  in  accordance  with  the  Job  Sheet, CE  "A"  JS 
1.3.12.1,  "Cubicle  Wiring":    Installation  of  electrical  materials  will 
be  100S  correct. 

Topic  1.3.2    BASIC  CIRCUITS  AND  BLUEPRINTS  •  Contact  Hours?*  8 

Enabling  Objective^:    Upon ^completion  of  this  topic  the  student  will  be 
able  to  draw  basic  circuits  and  rea'd  blueprints.    Completed  drawings  will 
contain  incandescent  and  flourescent  lighting  systems  /receptacle  cir- 
cuits and  required  switches.    Drawings  will  dbnform  to  the  requirements 
outlined  in  the  Information  Sheet  CE  "A"  IS  1.3.2.1. 

Topic  1.3.3*  .CONDUCTORS,  SPLICES  AND  CONNECTORS  Contact  Hqurs:  "2 

**  *  *  • 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to,  make  interior  wiring  splices  and* connections  using  insulated 
copper  conductors,  wirenuts,  split-bolt  connectors  and  electrical  tape. 
Splices  and; connections  will  be  made  in  accofdance^wTelTTilM^rob  Sheet 
CE  "A11  JS  1.3.3.1,  "Conductors,  Splices  and  Connectors".  Practital1 
application  will  be  1002  correct.  ~  \ 


Topic  1.3,4    CODE  STUDIES  -  Contact  Hours: 


'Enabling,  Objectives:,  Upon ccomplet ion  of  this  topic  the  student  will  be 
able  to* select  the  correct  code  ruling  that  applies  to  each  item,  of 
electrical  material  arid  equipment  to  be  installed  in  the  open  framed 
building  and  the  reinforced  concrete  slab  area  with  surrounding  concrete 
unit  <v*H»    Selections  will  be  in  accordance  with  the  National  Elec- 
trical Code  and  the  Information  Sheet  CE  "A"  IS  1*3.4.1,  ,fCode  Studies". 
Code  rulings  selections  will  be- 100%  correct. 

Topic  1.3.5    CONDUIT  INSTALLATION  *  Contact  Hours:  1A 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
ible^touinstall  rigid  metal  conduit,  rigid  non-metallic' conduit ,*and 
electrical  metallic  tubing^Jlnstallation  will  be  performed  in  a  re- 
inforced concrete  slab  *r£a  frith  surrounding  concrete  masonry  unit  wall 
in  accordance  with  the  Job  Sheet  CE  MAlf  JS  1.3.5.1,wConduit  Installation 
in.  Concrete  Slab  and  Concrete  Unit  Wall".    Conduit  runs  will  be  installed 
100%  correct. 


Topic  K3.6    NON-METALLIC  SHEATHED  CABLE  Contact  Hours:  ■  2 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  install  non-metallic  sheathed  cable  in-  the  open  framed  building. 
Installation  of  type  "NM,f  cabl*  will  be  performed  during  Topic  CE  "A" 
*IG  1.3.12  and  in  accordance  with. the  Job  Sheet  CE  "A"  JS  1.3.12,1, 
dPg!l_Cable  runs  will  be  installed  100%  correct.  , 

, Topic  1.3.7    SERVICE  ENTRANCES  \     ^  Contact  Hours:  2 

Enabling  Objectives:    Utfon  completion  of  this  topic  the  student  will  be 
able' to  install  a  single-phase,  threeWire,  120/208' volt  service  for  the 
interior  wiring  system  in  tfie  open  framed  building.    Installation  of  the 
service  will  be  done  during  Topic  1.3. 12 ,  and  in  accordance  wi'th  the 
Job^Sheet  CE  11 AM  JS  1.3.12.1,  "Cubicle  Wiring".    Service  entrance 
iiiStallatibn  will  be  100%  correct. 

T°Eic4l>3-8    LIGHT  FIXTURES  .  .  Contact  Hours:  2 

Enabling  Objectives:    Upon  completion  of  this' topic  the  student  will  tfe 
able  to  install' flourescen't  and  incandescent  lighting  fixtures  in  the 
opett  f  ramed  building.    Installation  of 'fixtures  will  be  done  during 

pic^l.3.12,  and*  in  accordance  with  the  Job  Sheet  CE  MAM  JS  1.3.12.1, 
"Cubicl?  Wiring":    Fixtvres  will  be  installed  100%Vcorrect . 

4*3*  •  - 

Topic  1.3.9    TEMPORARY  WIRING  Contact  Hours:  6 

Enabling^dbjectives:  rUpon  completion  of  this  topic  the  student  will  be 
able  to  install  a  pole  mounted  temporary  wiring  system  required  for  pew 
construction   Installation  will  conform  to  the  drawings  and  procedures 
outlined  in  the* Job  Sheet  CE  "A"  JS  t.3.9.1,  "Temporary  Wiring". 
Installation* will  be  100%  correct. 


*  # 

Topic  1/3.10    HAHD>T00LS  AND  TEST  EQUIPMENT  Contact  Hours:  5 


Enabling  Objective:.  Upon  completion  of  this  topic  the  student  will  be 
able* to  use  handtoois  and  test  equipment*  required  to  install  and  test 
electrical  material  and  equipment.    Steps  of  procedure  will  be  conducted 
at  an  assigned  test  b^nch  in  accordance  with  the  Job  Sheet  CE  "A"  JS 
1.3.10.1,  'Handtoois  andvTest  Equipment".    Ifee  of  handtoois  and  testing 
will  bet  executed  100*  -correct. 

Topic  1.1. II    MOTORS  *  MOTOR  CONTROLLERS  AND  CIRCUITS     Contact  Hours:  6 

Enabling  Objective's:  v Upon  completion  of  this  topic  the  student  will.be 
flbl.c  to  install  ft  motor,,  motor  controller,  and  associated  circuits 
wittiin  the  open  framed  building.    Installation  will  take  pl;ice' during 
Topicl.3.12,  and  in  accordance  with  the  Job  Sheet  C£  "A"  JS  1.3.12.1, 
^'Cubicle  Wiring".    Equipment  will  be  installed  100Z  correct.  - 

Top ift  1.3-12  'CUBICLE  WIRING.        \  Contact  Hours:  27 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  use  electrician 9 s  tools  and  install  boxes,  fittings,  motor, 
motor  controller,  push  button  station,  circuit  breaker  panel,  rigid 
.stee'l  conduit*  insulated  conductors,  non-metallic  sheathed  cable; 
electrical  devices^and  fixtures.    Installation  will  be  within  the 
open  framed  building  in  accordance  with  the  Job  Sheet  CE  "A",JS  1.3.12,1, 
"Cubicle  Wiring",  and  will  be  100X  qorreefc.  '  " 

Topic  1. 3.13    MAINTENANCE*  AND  TROUBLESHOOTING    -  Contact  Hours:  9 

»  ;  • 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  perform  maintenance^and  troubleshooting  procedures  on  Interior 
wiring  circuits,  motor  controllers,  motors  and  associated  equipment. 
Steps  of  procedure  will  he  in -accordance  with  the  Job  Sheet  CE  "A"  JS 

I. J. 13.1,  ^Maintenance  arid  Troubleshooting"  and  will  be  1002  correct. 

♦  ■  *  -  ■  » 

STUDENT  WRITTEN  EVALUATION  FOR  CLASS  STANDING  Contact  Hours:  1 

Unit  2.1   POWER  GENERATION  AND  DISTRUBUTION  ,  Contact  Hours:  107 

Termimkl  Objective:  'Upon  completion  of.  this  unit  of  instruction  the 
student  will  fee  able  to  install-  an  overhead  distribution  system  up  to 
5,000  volts,  and  operate  alternating  current  generators  up  to  200  kw, 
singly  or  in  parallel.    Installation  and  operation  will  be  performed 
in  accordance- with 'appropriate  job  sheets.  " 

Topic  2 . 1 . 1 .  TYING  KNOTS  •  *  #      Contact  Hours :  6 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  tie  a  timber-hitch,  half -hitch,  clove-hitch,  bowline,  grunt's 
knot  and  properly  make  up  a  handline  for  stowage.    Knots  will  beetled  * 
in  a  6  foot  length  of  1/2  inch  line  in  accordance  with  procedures  out- 
lined in  Job  Sheet  CE  "A"  JS  2.1.1.1,  "Tying  Knots'1.    Knot  tying  pro- 
cedure* will  be  Executed  without  error. 


Ar 


t 


Tuple;  2  :°1 2    FRAMING  POLES 


Contact  Hours:**  6 


A;* 


%    Enabling  Objectives  \    Upon  completion  of  this  topic  "the  student  will  be  . 
,  ;thle  to  frame  n  power  pale  in  accordince  .with  Job  Sheet  CE  "A"6  4S  *  / 
^7. 1  "Krarning  Polos11.    Kr*mfttK  will  be  100Z  correct, 

*    *  •  *  * 

■    •        Topic  2w  1.  3  ERECTING  AND  SETTING  POLES  intact  Hours:  9 

%  EiwibltiiK  Objectives:    Upon  tnwpletjcm  of  thf  ^toplc^thc  student  will  be 
abltt  to  perform  as  a  crew  member,  the  piking  method  of  raising  and 
jetting  a  35  foot  power,  pole  in  accordance  witlr  the  steps  of  procedure  » 
'    >        outlined  lit  the  Job  Sheet  CK  "A"  JS  2.V.3.1,  "Erecting  and  Setting  Poles  . 
Practical  performance  will  be  without  /error. 

'     *        4opic  2.1 :4  ^MOUNTING  CROSSARMS,  PINS,  AND  INSULATORS    Contmct  Hours:    15  * 

'   Enabling  Ob j actives:   Upon  completion  of  this  topic  the  etunent  will  be 
able  to  mount  single  and  double  croasarms  and,  ins'tall  pins  ,~.nd  insulators 
en  the  35  foot  poles  in  accordance  with  Job  Sheet;  CE  "AT  JS  2.1.4.1, 
•  *     ••Mounting  Croasarms,  Pins,  and  Insulators",    Steps  of* procedure  will  be  * 

'.'  performed  100X  correct.       f  , 

Topic  2.1.5   GUYING  POLES  Contact  Hours:  9 

Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
s>  abl<:  to  construct  and  install. guy  assemblies  using  the  necessary  tools 

and  equipment.     Installation 'will  be  100%  correct  in  accordance 
'  ..with  Job  Sheet'  CE  "A"  JS,  2. 1.5.1, -"Guying-  Poles  . 

Topic  2.1.6    STRIN(2IfjG*PRIMARY ' LINE  CONDUCTORS  Contact  Hours:    U.  ' 

Enabling  Objectives':    Upon  completion  of  this  topic  the  student  will  be 
a^ie  to  install  primary  line  conductors  in  accordance  with  procedures  *  • 

'and*  safety  precautions  outlined  irf  the  Job  Sheet  CE"A"  JS  2.1.6.1, 
Stringing  Primary  Line  Conductors".    Installation  will  be  dtfne  without 

-  error.  *. 


Topic  2.1.7'  TRANSFORMERS  AND"  PROTECTIVE  EQUIPMENT  Contact  Hours:  6 
•  «  °,  . 

Enabling  Objectives:*  Upon  completion  of  this  topic  the  student  will  be 
able' to  install  a  three  phase  transformer  bank  with  associated  protec- 
tlve  equipment.    Installation  will  be  1001  correct  in  accordance  with 
Job  Sheet  CE  "A"' JS  2.1.7.1,  "Transformers  and  Protective  Equipment.. 


Topic  2.1.8    STRINGING  SECONDARY  MAINS 


Contact  Hours:  7' 


Enabling  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  install  the  secondary  mains  required  for  the  secondarjc~d>Btri- 
bution  of.  power  at  120/208  volts,    Installation  will  confogi/to  Tfhe  Job 
Shee'tfCE  "A"  JS  2.1.8.1,  "Stringing  Secondary  Mains".    Steps. of  procedure 
will  be  performed  1001  correct. 


9 
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ropi/Z.K?   TRANSFORMER  CONN  Kc:T  IONS'  ,  Contact  Hours:  7 

ftubling  Objectives;    Upon  completion  of  this  topic  the  student  will  be- 
able  to  connect  the  three  phase  transferrer  bank  to  the  primary  and 
secondary  distribution. systems;  'Connections  Will  be  made  without  error 

*  and  in  accordance  witfc  the  Job  Sheet  CE  "A"  JS  2.1.9.1,  Transformer 
Connections11.  ^  - 

topic.  2.1. 10  \P0LJ  TOR  RESCUE  f  Contact  Hours:  7 

\  '  Enabling  Objectives;    Upon  completion  of  this  topic*  the  student  will  be 
able  to  perform  pole  top  rescue  procedures  while  adhering  to  required 
"  '     safety  precautions.    Rescue  performance  will  be  in  accordance  with  Job 
^T^SKere  Xel^  .    Steps  of  procedure  will  • 

m  .  \bm  executed  100X  correct.    •  ,  "~ 

r.  .  Topic  2.1.11/  POWER  PLANETS  "      ~  •  Contact  Hours:  9 

Enabling  Objectives:    Upon-  completion  of  this  topic- the  student  will  be 
•  able  to  operate  a  power  plant  homing  generators  with  varying  capacities 
up  to  200  lev.   Generators  will  be  operated  singly  or  in. parallel  in 

 accordance -with-procedures  outlined' in  the  Job  Sheet  CE  "A"  JS  2.1.11.1, 

v  "Power  Pleats".    Operating  procedures  will  be  performed  without  error. 

•      Topic  2 . 1 . 12   SYSTEMS  TESTING  >     "     ,  Contact  Hours:  3 

,       Enabling  Objectives:   Upon* completion  of  this  topic  the  student  will  be 
V  .,abie  to  conduct various. tests- on  transformer  secondaries  and  check 
system's  grounds.   Ground  checks  will  be  performed  while  the  system  Is 
de-energi*.*,        tfr^jjggogdary  system's' testing  will  be  conducted  while 

•  systems  are  energised  by  the  power  plant.  Testing  and  ground  check 
-    procedure^  as  outlined  in  Job  Sbmet  CE  "A". JS  2.1.12.1,  "Systems  - 

.  Testing"  will  be  executed  100*  correct. 

Topic  2ei*ir  OT5ASSEKBLE  POLE  LINE  Contact  Hd|irs:  11 

'  -0  "  ^         *    #  '         "  -:  *  -  ~  *  .  * 

.taafcllaf  Objective*:    Upon  completion  of  this  topic  the  student  will  be  j 
able  to  diastssmble  the  primary  and  secondary  distribution  system  and  / 
associated  .materials  and  eq^pmeut.  '  Disassembly  and  storage  of  mav.erial/s 
will  be  done  in  accordance  with  the  Job  Sheet  CE  WAM  JS  2.1.13.1, 
"Disassemble  Pole  Line19.    Steps  of  procedure  will  be- done  without  error. 
■„      *  -  *  *  **  •  .  -       *•  *-  o  . 

;  $TD1*WTO  STJUTOIHG  '  Contact  Hours:  1 

•  Unit  2«2    *  ;  ,  \    '    '  Contact  Hours:  7 

/     Terminal  Objective:    Upon  completion;  of  this  unit  of  instruction  the 
student  will  be  stile  to  install  and  operate  tactical  field  phones  and 
twitchboards  under  simulated  field  conditions  in  accoirdtace  with  the 
Job  Sheet  CE  *AH  JS  2.2.1.1,  "Installation  and  Operation  of  Tactical 
Field  Phones  end  Switchboards". 


Topic  2.2.1    TACTICAL  FIELD  TELEPHONES  AND- SWITCHBOARDS     Contact  Hours:  7 


"Enal^iir  Objectives:    Upon  completion  of  this  topic  the  student  will  be 
able  to  install  and  operate  tactical  field  telephones  and -switchboards 
using  field  wire,  type  TA*312/PT  field  telephone  sets  and  type  SB-22A/PT 
switchboard.   Installation  and  operation  procedures  will  be  .100% 
correct  in  accordance  with  the  Job  Sheet  CE  "A"  JS  2.2.1.1,  "Tactical 
Field  Telephone*' and  Switchboard". _ 

GRADUATION  Contact  Hours:  1 


vr 


ANNEX  I 

TEXTS  % 

1.    fools  and  Their  Uses/  NAVPERS  10085-B, 
Jl ./construction  Electrician  1  &  2*  NAVPERS  10636-G. 

3.  NAVFAC  MO-116,  "Facilities  Engineering  Electrical  Interior 
Facilities",  March  1972,  . 

V  •   

4.  TM5-704,  "Construction  Print  Reading  in  the  Field",  August  1952. 

■  * 

5.  TMH-^5805-262-12,  "Switchboards,  Telephone,  Manual,  SB-22/PT  and 
*  '     SB-22A/PT".  *» 

»  • 

6.  Allen-Bradley  Manual*  "Wiring  Diagrams  for  Full  Voltage  Starting 
SwitcKeswf — ~ —  ~-  r —  — —    —     ~  — 

7.  Line»anfs  and  Cablemen's  Handbook*  4th  edition*  Kurtz;  McGraw-Hill 

look  Co..    Nev  York,:  New  York,  ^_ 

* 

.  8.    National  Electrical  Code  (latest  edition)*  National  Fire  Protection 
Association*  No.  70*  470  Atlantic  Avenue*  Boston  Massachusetts  02210. 

9.    Programmed  Instruction*  Series  058/551A,  "Electrical  Symbols". 

10.    Programmed  Instruction*  Series  071/590*  ''Pole  Climbing  Techniques". 


ANNEX  II 


REFERENCES 

1.  TM5-725,  "Rigging".        .  %m  *. 

2.  Aaerican  Electrician's  Handbook,' 9th  edition,  Croft,  Carr  and  Watt 
McGraw-Hill  Book  Co.,  New  York,  New  York. 

3.  Rational  Electrical  Safety  Code,  1973  edition,  ANS1-C2;  Institute 
Electrical  and  Electronics  Engineers  Inc.,  345  East  47th  Street, 
New.  York,  New  York  '  10017. 


ANNEX,  III 
TOOLS.  EQUIPMENT  AND  MATERIALS  * 
TOOLS 


FSN/MKC.  NO*. 
5UO-O0-34CH3276 

-512O-O0-267t7023 . 
5120-00-251-7574 
5120-00-223-8419 
5I2O-00-516-3802 
MFC  82063  MPN  6025 

•  5120-00-771 -7050 — 


ITEM 

' Buck-saw 
, Cable  Grip 

Cant  Hooks 

Carrying  Hqoks 

Digging  Bar 

File  Gauge 


51! '0^00-618-6898 
5lio-00-618^6899 


 Fraaing  Square  *—  

Hand  Bender,  E.M.T.,  1/2" 
Hand  Bender,  E.M.T.,  3/4" 
"^?6__0JlP6.5  MPN  843         Jenny  (mule),  Pole 
/  MFC  82063  MPN  1306         .   Pole  Top"  Rescue  Harness 

MFC  73569  MPN  C400-0648  w{  Pole 'Top  Gin  with  block  and 

-  •  :  —    tackle  ' 


fill 
2  ea. 

8  ea. 

6  ea. 

8  ea. 
.  2  ea. 

24  ea. 
— 4-ea, 


•  UNIT  COST 
2.25 
6.00 
5.60 
5.60 
8.80 
10.00 

—  4J»0 


12  ea.' 
12  ea. 

1  ea.' 
1  ea. 
1  ca. 


2.63 
4,12 
33.44 ' 
40.00 
342. 7Q, 


5120-00-223t8852 

Pike  Poles 

* 

8  ea. 

.10.92 

MFC  04065  MPN  1800 

Ratchet  Bender 

1  ea. 

310.00 

5120-00-293-3336  / 

Shovel,  Short,  "D"  Handle 

2.83 

512O-0O-188-8450" 

Shovel,  Straight 

2  ea. 

-  "1.S0 

5120-00-188-8444 

^Shoyel,  Spoon 

4  ea. 

8.90 

t 

402O-00-968-1352 

:■   Tag  Line  ; 

1  rl.  ^ 

25.00 

512O-(KV596-8520 

Tamping  Bar 

4  ea. 

9.00 

5UO^60-O61-8900 

6  foot  Step  Ladder 

12,  ea.- 

53. .00 

5440-00-223-6026 

° 

.20  foot  Extension  Ladder  y 

1  ea. 

43.26 

A-III-1 


tOOLSj  (fyiitM) 
KITS 

FSH/MFG  NO.'  -k 

Facility  0J102A 
Assembly  80006 


Facility  0U02A 
Assembly  -80087 

FacilityrP1102A 
Assembly  80008 


equipment — — 

MAJOR 

6258-307-7688 
6258-307-7689 

.£233-307-7753 
6258-307-7755 


NAVFAC  CODE  512111  , 
NSN  6115-00-l}*-1241| 


ITEM 

Kit,  Electricians,  Tools 
Kit,  Lineman's  Tools  - 


Kit,  Electronics  Maintenance 
Tools 


QTY  UNIT  COST 
6  ea.  355.25 


6  ea. 

.6  ea. 


NAVFAC  CODE  512111 
NSN  6115^00-118-1241 


6258-00-307-9233 


1  A 


1  ea*. 
1  ea. 
1  ea. 
1  ea. 


Air  Circuit  Breaker,  Model  K600 
Type  K60,  Generator  Switchgea,r 

Air  Circuit  Breaker,  Model  K600 
"Type  K60,  Generator  Switchgear 

Air  Circuit  Breaker,  Model 
AK-2-25J  Generator  Switchgear 

Air  Circuit  Breaker,,  Model 
AK-2-25 ,  Generator  Switchgear 

Generator,  Diesel  Driven,  Portable  1  ea. 
Skid-mounted ,  Liquid  Cooled,  AC, 
15kw,0.8  P.F.,  50/60  Cycle, 
3' Phase,  1500/1800  RPM,  Engine 
Serial  #320741* 

Generator,  Diesel  Driven,  Portable  1  ea. 
Skid-Mounted,  Liquid  Cooled,  AC, 
15kw,.  0.8  P.F.  ,;  50/60  Cycle, 
3  Phase,  1500/1800  RPM,  Engine 
Serial  #3207441  ' 


Load  Bank,  Generator,  Portable, 
Reconnectable,  208/240/416-480 
Volts,  Singie  Phase  and  3  Phase/ 
5  kw,  to  ,250  kw  Capacity 


1  ea. 


709.09 
245.93 


1,021.00 
1,021.00 
694.00* 
694.00 
6,520.00 


6,520.00 


4,434.00 
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A-III-2 


.MAJOR  EQUIPMENT  (ContU) 


FSN/MFf:  NO. 

NAVFAC  CODE  371Q01 
N9N  2CD  3830-0108X42 

NAVFAC  CODE  072300 
NSN  2320-00-803-3540 


1HC5805^715-6171 
6258-307-6528 


TEST. EQUIPMENT 

70Z  6625-OO-SPH-O044- 


9NO  6625-00-816,-5519 
INK  6625-00-243-3432- 
9NJ  6625-00-004-9536  ; 
9ND  6625-00-224-6135 
MISCELLANEOUS  EQUIPMENT 
MFC  04065  MPN  5XBH02A 
MFC  04065  MPN  SBG-1. 


5510-00-268-3132 
MFC  04065  MPN  B-30 
70L  5925-UL-CC0-4722 
70L  5935-LL-CC0-4724 
"920  6145-00-617-1374 


5805-00-543-0012 


ITEM  —  _  .. 

> 

Earth  Auger,  Skid  mtd  Turntable 
for  2  t/2  ton  Military  Truck 

Truck,  Telephone  and* Pole  line 
Construction,^  2 JL/2  ton  4.  x  6 
GED  w/ winch,  A  frame 

Switchboard,  Telephone,  Manual, 
Field  Type,  for  interconnecting 
12  circuits*,  powered  by  two 
1.5  volt  dry  cell  batteries, 
Model  SB-32A/PT 


QTY  UNIT  COST 
1  ea.  21,250.00 

1  ea.  18,000.00 


1  ea. 


.AC  Power  Circuit  Analyzer  

Ammeter  / 

Clamp-on  Ammeter  J 

~  ^  •  •  *>/  X*> 

ise-Sequence  Meter 

Simpson  260  Multimeter, 

*    *    ** ' 
Vibroground  (Groundmetet) 

MotorS,  Split  Phase,  1/3  H.P. 
Motor  Controllers 
Practice  Poles,  20  foot. 
Practice  Poles,  35  foot.  . 
Push-button  Stations,  Stop-Start 
Temporary  Power  Panel,  50  Amp 
Connector  Body,  Armored  w/boot 

c 

Wire,  Electric,  4  Conductor, 
JK6  GAWG,  per  ft. 

Temporary  Power  Pole  &  Panel 
•Assembly,  50  Amp. 

Telephone,  Tactical  Field, 
.T/pe'TA-312/PT 


2  ea. 


6  ea. 
6  ea. 
24  ea. 
6  ea. 


1  ea. 
1  ea. 


419.00 


150.O0- 

_  77.00 
45.50 
80.00 
168.00 

33.00 

a 

65.00 

130 :ob 

12.00 
193.69 
23.00 


1  ea.  120.00 
A-III-3 


,  MATERIALS  "  . 

" — -tv~ — -  Anchor  rods  and  expjtnding„tyRje:„anchoxsj 

2.  Batteries-j  BA-20  * 

3*  Boxes ,  non-metallic. 

4.  Boxes ,  steel* 

5..  Braces,  (Flat). 

'  6.  Cable,  non-met allic-shieathed . 

7.  '  Circuit  breakers* 

8.  ,  Circuit  breaker  panels* 


9.  Crossarms  and  mounting  hardware. 
10..        Electrical  devices  .arid  fittings. 
11.        Electrical  tape.    «  « 
12/        Electrical  metallic  tubing. 

13.  "Field  telephone  wire,  WD-2/TT. 

4'  ' 

14.  \  Fuse  cutouts.  -  . 

15.  1     Ground' rod,,  copperweld,  8  foot  x  5/8"  diameter 

16.  Ground  wire,  #8  AWG,  bare,   solid,  copper. 
17..  Guy  wire*  • 

18.  Guy  grips,  preformed. 

19.  Guy  attachments.. 

20.  Lightning  arresters.  / 

»  • 

21.  Lighting  fixtures,  incandescent  and  flourescent. 
'22.;  '  Line,   6  foot  lengths  of  1/2" 

23.  Motprs.  , 

'24.  ,  Motor  controllers. 


/ 
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A-III-4 


MATERIALS  (Cont'd); 


>  '25.  fin  Insulators*  \ 

26*  Primary,  conductors ,-#6 AWG,  M.H.D.  "~ 

27  Rigid  non^ecallic  conduit.  * 

28*  Rigid  steel  conduit*. 

29.  SecondafV  conductors,  92  AWG,  stranded,  insulated,  copper. 

'30.  Secondary  racks. 

>»  -  -  * 

«   £1.  Single  conductor,  #12  AKG,  solid,  copper.  p  -  *  CN 


32.    Split-bolt  connectors. 


'   33.    Strand  vise  with  strand  vise  hook. 
34.    Strain  insulators. 


Of"  o 


1 


jroi '«<> 


35 


A-III-5 


\  -1 


ANNKX  iv      3  r:  *  — 

THAIN1N<;  AIDS  AHI>  OEVKU'S  "  ■ 

FILMS  (tinMMrtv.lnl)  *  . 

.  •  -  "\ 

1.  Cl.l-001,  "CllmbiHft  with  Confident «"  (28  min. )..:.;. 

2.  HOV-001,  "How  Distribution  Transformers  are  Made"  (20  rain.). 

3.  '  ITS-001,  "It's  CSP  for  Mtv'(10  »in.).  -    -  -1 

4.  POL-0O1,  "Pole  top  Rescue  and  Closed  Heart  Massage"  (23  min.).  *  —  — 
FILMS  (U.S.  Navy)    '  0 

1.  MA-5741-A2,  "Erecting  Large  Poles" (21  mine.). 

2.  HA-2564,  ."installation  of  Crossarms"  (18  min.)  (Obsolete). 

3.  MA-9559,  " First  Aid,  Part  IV,  Resuscitation,  Mouth-to^Mouth,  Mouth-  * 
torNosm"  (23  min.).       ■  • 

-  •    _N?  ■  .  " 

4.  MC-83L7.  "Lifeline  of .the  Lineman"  (15  min.)  (Obsolete).  J 

5.  MN-^0386A,  "Sailors  in  Green"  (28  min.). 

6.  MN-6990,  "Discipline  Pays  0ff"°(ll  min.). 
FILMS  (U.S.  Army)     N  * 

1.  TF  11-2717,  "Pole  Line  Construction,  Part  V,  Installation  of  Anchors" 
(12  min.  )\ 

2.  TF  11-2718,  "Pole  Line  Construction,  Part  VI,  Installation  of  Guys"* 
(20  min.)^ 

3'.    TF  11-2827,  "Climbing  and  Worki^on' Poles"  (25  min.) .  -**fe>-/9*Q 

4.  TF  11-3619,  "SB-22/PT,  Part  I,  Characteristics  and  Installation"  (20  min.). 

V  N 

5.  TF  11-3620,  "SB-22/PT,  Part  II,  Operation  and  Preventive  Maintenance" 

,    (16  rain.).  ,  \ 

"•'     ■  \    •  • 

6.  .  TF-5660,  '.'Motor  Connections  in  Three  Phase  &  Single  Phase  Induction 

Motors"  (20  min.)  (Air  Force).  «■  \* 

'  ■      -  •'  '  '     .         \  -  ■ 

7.  TF-6027,  "Roughing-in  non-metallic  sheathed  cable^"  (15  min.)  (Air  Force). 

.     *  •  '  <u  \ 

\  . 
\ 

'.  •  \  a-iv-i 


FILMS  (U.S.  Army).  (Cnnt  M) 

8.  *  TF-6037,  "Conduit  Installation"*  (17»'min.),  (Air  Force). 

9.  TF-6180,  "Motor  Control  Systems"  (16  min.)  (Air  Force).* 
10.    TF  11-3600 /"Tactical  Cable  Construction"  (23  min.). 

FILMS  (Obsolete)         *  " 

1.  OE-3771  "Cable  Surface  Wiring"  (15  min.). 

2.  OE-382,  "Power  Conduit  Bending"  (17  min.) .  ' 

3.  0E-386,  "Sp J  it-Phase  Motor  Principles"  (20  min.). 

DISPLAY  BOARDS 

.1.  Crossara  Construction,  Primary  Line. 

2.  Conduit.    /  * 

3.  Electrical  Material  Display. board. 

4.  Flourescent  and. Incandescent  Lighting. 
.5.  Ground  Fault  Protection.  > 

6.  Kit,  80006,  Electrician's  Tools. 

7.  Kit,  80007,  Lineman's  Tools. 

8.  Kit.  80008,  Electronics  Maintenance  Tools. 
w9.  Motor  Controller. 

10.  Non-*etallic  sheathed  Cable  Circuits . 

11.  Pole  Line  Erection  Tools. 

12.  Hole  Line  Hardware,  Insulators  and  Protective  Devices. 

13.  '  -  Pole  Guying  Hardware. 

14.  Primary  and  Secondary  Ties  with  Deadend  and  Protective  Devices 

15.  Single  Phase  AC  Motor,  Cutaway. 

16.  Splices  and  Connections. 


DISPLAY  MAUDS  (Cont'd) 

17.  Three  Phase  Ho  tor,  Disassembled.  * 

18.  Transformer  Connections.  *  - 

— - ^. 

-If*.  Transformer  Connection*  Diagrams. "•*• 
LOCALLY  PREPARED  MATERIALS  J 

1.    Job  Sheets.  •  , 

C     -         .  .        *  "  *  • 

"a.    CE  "A"«JS  1.3.3/1*  "Conductors,  Splices  ind  Connectors". 

b.  CE  "A"  JS  i.  3. 5^1  ^'Conduit  Installation  in  Concrete  Slab  and  Cinder 
.  V  -       Block  Wall".  ...  * 

c.  CE  "A"  JS  1.3.9.1,  "Temporary  Wiring".  • 

d.  CE  "A"  JS  1.3 f 10.1,  "Hand  Tools  and  Test  Equipment".  , 

e.  CE  "A"  JS  1.3.12.U  "Cubicle  Wiring".  ' 

J-  .  . 

.   f.  CE  "A"  JS  1.3.13.1,  "Maintenance 'anil-Troubleshooting". 

g.  CE  "A"  JS  2.1.1.1,  "Tying  Knots". 

h.  CE  "A"-JS  2.1.2.1,  "Framing  Poles". 

.   i.  CE  "A*'  JS  2.1.3.1, -"Erecting  and  Setting  Poles'". 

j.  CE  "A"  JS  2.1.4.1,  "Mounting  Crossarms,  Pins  and  Insulators", 

k.  CE  "A"  JS  2.1.5.1,  "Guying  Poles". 

1.  CE  "A**  JS  2.1.6.1,  "Stringing  Primary  Line  Conductors", 

a.  CE  "A"  JS  .2.1*7.1,  "Transformers  and  Protective, Equipment", 

n.  CE  "A"  JS  2.1.8.1,  "Stringing  Secondary  Mains".  • 

;    o.  CE  "A"  JS  2.1.9.1,  "Transformer  Connections".' 

p.  CE  "A"  JS  2.1.10.1,  "Pole  TopRescue". 

q.  CE  "A"  JS  2.1.11.1,  "Power  Plants", 

r.  CE  "A"  JS  2.1.12.1,  "Systems  Testing". 


JOB- SHEETS  (Cont'd)  ...  *" 

s.  *CE  "A"  JS  2.1.13.1,  "Disassemble  Pole  Line", 
t.    CE<"A"  JS  2.2.1.1,  "Tactical  Field  Telephones  and  Switchboard". 

2.  Information  Sheets.  .  , 

a.  CE  "A"  IS  l.J.l.i;  "Boxes,  Fittings  and  Electrical  Devices". 

b.  CE  "A"  IS  1.3.2.1,  "Basic  Circuits  and  Calculations". 

c.  CE  "A"  IS  1.3.4.1,  "Code  Studies".  ^ 

d.  CE  "A"  IS  1.3.5.1,  "Under  Slab  Conduit  Installation". 

e.  -  CE  "A"  IS  1.3.8.1,  "Light  Fixtures". 

f.  CE  "A"  IS  1.3.11.1,  "Single  Phase  Motors". 

g.  CE  "A"  IS  1.3.11\2V  JThree  Phase  Itotors". 

v 

h.  CE  "A"  IS  1.3.11.3,  "Hotor  Control".  . 

3.  Drawings. 

.»!.  CE  ;V  OUC  1.3.13.1,  "Cubicle" Wiring,  Room  Series  #.  1  thru  6". 

b.  CE  "A"  DWG  2.1.9.1,  "Primary  and  Secondary  Distribution  Jumper 
Connections".  .  . 

* 

c.  NAVFAC  DWG  #1109381,  "Advanced  Base  Standard  Pole  Line". 


ANNEX  V 


TKAIHIWC  AIDS  EQUIPMENT 
.yU  *16t»  mqyX*  projector. 
?•  ^J>paque  projector. 
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/ 
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A-V-3 


*    ' 4  40  ' 

*  * 


FIRST  WEEK  • 
TOPIC  NO.      TYPE  PERIOD 


FIRST  DAY 

* 

1.0.  Cf 

c  • 

1 

2 

'               1.0. 1 

c 

•  3 

1.0:2 

c 

A 

* 

*  1.1.1 

c 

c 
5 

1.1.2 

c 

6 

1.1.3 

'  i    •  c 

7 

SECOND  DAY 

» 

.  1.2.1 

c 

-  8 

p 

9, 

c 

10 

-  ■*                        *  *  « 

p 

11 

12 

13 

14 

.  1.0.3 

c 

14.5 

*  THIRD  DAY 

l;2.l 

p 

.  15 

16 

17 

1.0.3 

F 

17.5 

'    '  1.2.1 

P 

*  18 

"19  ' 

</.  ."-    .  1.3.1. 

c 

20  ' 

21 

FOURTH  DAY 

'..    ,    '-*   ;  1.2.2 

p 

22 

.1.3.1  • 

c 

.  <<23 

24 

> 

25 

26 
27 

€<v  1^3.2  C  28 


.  ANNEX  VII 
MASTER  SCHEDULE 


TITLE         *   J._   RATIO 


Cownand/Base  Indoctrination  *        '  24/J 

Chaplain fs  Lecture        "  24/1 

Military  Courtesies  arid  Uniform  24/1 
Grooming  Standards 

Registration  and  Orientation  *  24/1 

'  Study  Techniques             *  24/1 

Sa£ety  Policies  .24/1 


Pole  Climbing  Equipment  and  Techniques  2,4/1 

6/1 
24/1 
.6/1 


Aerobics  Lecture  24/1 

Pole  Climbing  Equipment  and  Techniques  6/1  « 

Aerobic*"/                       ,  24/1 

Pole  Climbing  Equipment  and  Techniques  6/1 

Boxes,  Fittings  and  Electrical  Devices  24/1 

Pole  Climbing  Practice  to  Qualify  6/1 

.  Boxes,  Fittings  atid  Electrical  Devices  24/1 

Basic  Circuits  and  Blueprints         -  24/1 


A-VII-1 
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FIRST  WEEK  (Cont'd) 

TOPIC  MO.-    TYPE     PERIOD  v  TITLE 

PtFTH  DAY  * 


A.  '  -  *   


1-.3.2 
1.0.4 

1.0.17  /■' 
1.0.3 

SECOND  WEEK 

FIRST  DAY 

1.2.2 
1.3.2 


P 

■F 


1.3.5 

THIRD  DAY 

1.2.2 
.1.3.5 


1.0.3 


P 

C 


P 

C 
P 


29 
30 
31 

32  . 

33 
34 

35  , 
35.5 


1 
2 
3 
4 
5 
6 
7 


p 

8 

p 

9 

C 

9.5 

10 

U 

.12  . 

13 

14 

c 

14.5 

p  . 

15 

C  - 

16 

17 

p 

17.5 

18 

.  20 

21 

F 

21.5 

Basic  Circuits  and  Blueprints 
Military  Behavior  and  Conduct  Ashore 


Close  Order  Drill 
Aerobics 


Pole  Climbing  Practice  to  Qualify 
Basic  Circuits  and  Blueprints 


Conductors,  Splicei 


and  Connectors 


Pole  Climbing.Practice  to  Qualify 
Conductors* Splices  and  Connectors 
Code  Studies 


Conduit  Installation  (in  slab) 


Pole  Climbing  Practice  to  <}uaiif y 
Conduit  Installation  (in  slab) 


Aerobics 


43 


RATIO 

24/1 
24/1 


24/1 
8/1  - 


6/i 

24/1 


24/1 
24/1 
24/1 


6/1 
24/1 
24/1 


24/1 


6/1 
24/1 

12/1 


8/1 


A-VII-2 


*  ** 


/ 


SECOND  WEEK  (ContM) 
TOPIC  NO.  '  TYPE  PERIOD 


FOURTH  DAY 

1*2.2  ' 
i:3.5 


P 
P 


FIFTH  DAY 


22 
23 
24 
25 
26 
27 
28 


TITLE 


Pole  Climbing  Practice  to  Qualify 
Conduit  Installation  (in  slab)  . 


RATIO 


6/1 
12/1 


1.3.5 

P 

•29 

Conduit  Installation  (in  slab) 

-12/1 

30 

K3.6 

C 

31 

Non-metal lic-sheathed  Cable 

24/1 

1.0.16 

C 

3.2 

Navy  Traditions  and .Customs 

24/1 

1.0.8  „• 

c 

33  ' 

Drus  and  Alcohol  Abuse  • 

24/1 

.  '34 

35 

1.0-3 

F 

35.5 

Aerobics                                               *  v 

8/1 

THIRD  WEEK 

* 

FIRST  DAY- 

\ 

1.2.2 

P 

*  1 

.                       '  \ 

Pole  Climbing  Practice  fco  Qualify 

6/lv 

1.3.6-  ' 

C 

2 

Non-metallic-sheathed 1  Cable  * 

24/1 

i:3.7 

c 

3 

■  4 

Service  Entrances 

24/1 
j 

1.3.8 

c 

5 
6 

Light  Fixtures 

24/1 

1*3.9 

c 

7 

Temporary  Wiring  4 

24/1 

1.0.3  ' 

F 

Aerobics 

8/1 

SECOND- DAY 

• 

1.2.2 

•P 

8 

Pole  Climbing  Practice  to  Qualify 

6/1 

1.3.9  ,.- 

c 

9 

.  Temporary  Wiring 

24/1 

p 

10 

12/1  - 

11 

*• 

12  ■: 

a 

13 

•,  1A 

1.3.10 

c 

14.5 

Handtools  and  Test,  Equipment 

.  24/1 

A-VII-3 


4-J 


THIRD  WEEK  (Cont '  d) 


TOPIC  NO.     TYPE  *  PERIOD  TITLE 


RATIO 


Tilt  HP  DAY 

1.2.1 
1.3. 10 


1.3.11 
1.0.3 
FOURTH  DAY 


P 

C 

* 
P" 


C 
F 


FOURTH  WEEK 

FIRST  DAY 

1.2.2  . 
1.3.12 


P 
P 


15 
16 
17 

17.5 
18 
19 
20 

20. 5 
21 

21.5* 


P^le  Climbing  Practice  "to.  Qualify  6/1 
Hand  Tools  and  Test  Equipment.  24/1 

'      '  12/1 


Motors,  Motor  Controllers  and  Circuits  24/1 
Aerobics  8/1 


1.2.2 

P 

22 

Pole  Climbing  Practice  to  Qualify 

6/1 

1.3.11 

C 

23  . 

Motors,  Motor  Controllers  and  Circuits 

24/1 

24 

25 

26 

27 

24/1 

1.-3.12 

C 

•  28. 

Cubicle  Wiring  .  . 

FIFTH-DAY 

1.3.12 

P 

29 

Cubicle  Wiring 

12/1 

30 

> 

31 

24/1 

1.0.6 

C 

32  « 

Pay  and  Allowances 

1.0.7 

c 

33 

Financial  Responsibility 

24/1 

347 

t 

8/1 

1.0.3 

F 

35  . 

Aerobics  - 

1.0.3 


1. 
2 
.  3 
4 
•5 
6 
7 

7.5 


Pole  Climbing  Practice  to  Qualify 
Cubicle  Wiring 


6/1 
12/1 


Aerobics 


8/1 


45- 


A-VII-4 


FOURTH  WEEK 

TOPIC  NO. 

SECOND  DAY 

1.2.2  • 
1.3.12 


(Cont'd) 

TYPE     PERIOD  TITLE 


THIRD  DAY 

1.2.2 
1;3.12 


.1.0.3 
FOURTH  DAY 
1.3.12 


1.3.13 
FIFTH  DAY 
1.3.13  .. 

1.0.9 


1.0.10 
1.0.3 


P 
P 


P 
P 


C 
P 


C 
F 


8 

9 
10 
11 

12  v 

13 

14 


15 
•16 
17 
18 
19 
20 
21 
21, 


Pole  Climbing  Practice  to  Qualify 
Cubicle  Wiring 


RATIO 


6/1 
12/1 


22 

23 

24 

25 

26. 

27 

28 


29 
30 
31 
32 

33 
34 
35 


Pole  Climbing  Practice  to  Qualify 
Cubicle  Wiring 


6/1 
12/1 


5    v  Aerobics 


Cubicle  Wiring 


,  ■  Maintenance  and  Troubleshooting 


Maintenance  and  Troubleshooting 


Career  Opportunities  and  Special 
Programs 

Basic  Principles  of  Leadership 
Aerobics 


8/1 


12/1 


24/1 


24/1 
8/1 

24/1 


24/1 
8/1 


A-VII-5 


if 


FIFTH.  WEEK 


,  THIRD  DAY 
211.1 


2.1.2 
1.0.3 


C 
P 

C 
F 


"topic  no. 

TYPE 

•  PERIOD 

TITLE                                    !  '* ' 

RATIO 

FIRST  DAY 

1  ' 

"  I* 

1 

2 

3  . 

Maintenance  and  Troubleshooting 

*  8/1 

• 

2.2.1 
1.0.3' 

c 

C 
F 

4 

■5  ' 
6 

7  • 
7.5 

Student  Written  Evaluation  for 
Class  Standing 

Tactical  Field  Telephone  and' 
Switchboards  '.'">... 
Aerobics 

•  *  » 

A 

24/1 
24/1 
8/1 

SECOND  DAY 

'2.2.1 

c  • 

8 

Tactical  Field  Telephones -and 
Switchboards  / 

«...      *  • 
24/1 

2.1.1 

-P 

c 

9 

.  lO- 
ll 

.  12  ' 
13 
14 

14.5 

■  Ty'ng  Knots 

8/1 
24/1 

15 
16 

16.5. 

17 

18 

19 

20 

20.5 

21- : 

21.5. 


Tying  Knots 


Framing  Poles 
-Aerobics  - 


24/1 
8/1 

24/1 
8/1 


ERIC 
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TOPIC  NO. 

TYPE 

PERIOD 

TITLE 

* 

RATIO 

FOURTH  DAY 

o 

« 

P 

22. 

Framing  Poles 

8/1 

23 

• 

24. 

25  " 

'                               -  • 

26 

f 

2.1.3 

C 

27 

Erecting,  and  Setting  Poles 

24/1 

— 28  

FIFTH  DAY  . 

- 

•  •• 

2.1.3  i 

.  P 

29 

%  * 

Erecting  and  Setting  Poles 

8/1 

30" 

• 

31 

1,0 '11 

c 

32 

Navy  Hunan  Goals  Object ices 

24/1 

1.0.12 

c 

33 

Sea  Power  (Seabee  History) 

24/1 

34  . 

24/1 

.1.0.13 

c 

34.5 

Safe  Driving 

35 

1.0.3 

F 

35.5 

Aerobics 

8/1 

SIXTH  WEEK 


FIRST  DAY 
2.1.3 

2.1.4 
1.0.3 

SECOND  DAY 


C 

P 

F- 


2.1.4 


1 
2 
3 
4 
5 
6 

7  .  . 
7.5.  . 


8 

.  9 
10 
11 
12 
13 
14 


Erecting  and\Setting  Poles 


6/1 


Mounting  Crossaros,  Pins  and  Insulators  24/1 


Aerobics 


6/1 
8/1 


Mounting  Crossarms,  Pins  and  Insulators  6/1 


v  -  -- 


A-VII-7 


SIXTH  WEEK  (Cont'd) 

TOPIC  W.     TYPE     PERIOD  .  TITLE 


RATIO 


.THIRD  DAY 


•2.1.4 


2.1.5' 
1.0.3 

FOURTH  DAY 
2.1,5 


C 
F 


C 
P 


Mounting  Crossarms,  Pins,  and  Insulators  '6/1 


15 
16 
17 

18  f.. 
19 

"20 

20.5  -.Guying  Poles 
21' 

21.5  Aerobics 


22 
23 
24 
25 
26 
27 

28  _ 


Guying.  Poles 


24/1 
8/1 


24/1 
6/1 


FIFTH  DAY 


2,1.5. 

"r  -?/. 

29* 

„    Guying  Poles 

6/1. 

2.1.6  ' 

t 

C. 

.   30  ' 

-  Stringing  Primary  Line  Conductors 

24/1 

F, 

'  31 

6/1 

1.0.4 

C 

32 

UCMJ 

24/1 

'33 

1.0.19 

A*  C 

-34  ' 

Enlisted  Performance  Evaluations 

24/1  - 

1.0,3' 

 F~  r 

.  35  ■- 

Aerobics  * 

8/1  • 

SEVENTH  WEEK 

1IRST  DAY 


2.1.6 


1.0.3. 


-Stringing  Prisa£y>Line  Conductors 


1 

2  • 

3  «  "V 

5 
6 

7        -~  . 
.7.5     '  .Aerobics 


6/1 


8/1 


v.. 
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SEVENTH  WEEK  (Cont'd) 
TOPIC  NO.      TYPE.-  PERIOD 
SECOND  DAY  ■ 

^.l.Y 

.  2.1.7 


THIRD  DAY 

2rl.7 
2.1.8 


1.0.3 

FOURTH  DAY 

2.l'.8 

2;i.9 


FIFTH  DAY 

-2.1.9 

2.1.10 
1*0.20  ' 
1.0.21 
1.0.22. 
1.0.3 


^P 

8 

9 

■ 

10 

c 

10.5 

11 

11.5 

*12 

13 

14 

t 

p 

15 

•  16 

c 

'  16.5 

17 

-  p 

'  17.5 

18 

19  ' 

20  ■ 

.  21 

F 

21.5 

P  . 

22 

23 

c 

24 

25 

P  £ 

.27 

28 

'P 

29  "J 

30 

c 

1  31 

c 

32 

c 

.  33 

c 

34 

F 

35  ' 

TITLE 

Stringing  Primary  Line  Conductors 
\ Transformers  and  Protective  Equipment 


Transformers  an<f  Protective  Equipment 
Stringing  Secondary  Mains 


Aerobics 

Stringing  Secondary  Mains 
Transformer  Connections 


Transformer  Connections 

Pole  Top  Rescue 
Educational  Opportunities 
Code  o°£  Conduct,  Part  1 
Code,  of  Conduct,  Article  I 
Aerobics 


.RATIO 

6/1 

24/1 
6/1 


6/1 
24/1 

6/1 

8/1 

6/1 
24/1 

6/1 

671. 

24/1  - 
24/1 
24/1 
24/1 
8/1 


A-VII-9 


EIGHTH  WEEK 

TOPIC  NO,     TYPE     PERIOD  TITLE 


frlMST  PAY 


2.1.10 


2.1.13 


1.0.3 


C 
P 
P 


1 
2 
3 
4 


Pole. Top  Rescue 


Power  Plants 
Aerobics 


Power  Plants 


S  ■ 

6 

7 

.7.5 


8 
9 

9.5 

10  , 
11 
12 
.13 
14  . 


15 
16 
16.5 

17         '  -  • 

17.5 
18 
\19 

19.5-    Disassemble  Pole  Line 

20\ 
20>5 

21  \- 

21 • 5  \   Aerobics  -- 

-  \  -  - 


Power  Plants 
Systems  Testing 


RATIO 


6/1 


24/1 
8/1 


24/1 
12/1 


12/1 

24/X. 

.24$ 
,  6/1 
8/1 


Si 


IS 


A-VII-10 


0  * 


EIGHTH  WEEK  (Cont'd) 

TOPIC  HO.      TYPE     PERIOD  TITLE 


FOURTH. DAY 


2,1.13 


22 

23 

24- 

25 

26 

27" 

28 


Disassemble  Pole  Line 


RATIO 


6/1 


FIFTH  DAY 

fc.1.13 

.  p 

29 

Disassemble  Pole 

Line         '   .,  ^ 

6/1 

*  *    »  • 

•  30 

c 

* 

Student  .Written  Evaluation  for 

24/1 

'Class  Standing 

.  1.0.23 

c 

32 

Code  of  Conduct, 

Article  II 

24/1 

:•;  1.0,24 

.  c 

33\ 

Code- of  Conduct, 

Article  III 

24/1 

v1.0.i5 

c 

34 

Code  of  Conduct, 

Article  IV 

.  24/r 

i.Q.3 

F 

35 

\   Aerobics  • 

8/1 

i 

V 


\ 


\  ■ 


\ 

■■  ■  \ 
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CONSTRUCTION  ELECTRICIAN  SCHOOL 


If 


CUSS  "A 


INSTRUCTOR  GUIDES 


PHASE  1 


3-/1*- 


Inferior  Electrician 


53 


,I  KIC  ■ 


this9 publication  has  (tfave)  been  de?*ted  in 

adapting  this  material  for  inclusion  in\the  "Trial*  Impiementatit  a  of  a 

Model  System  to  Provide  Military  Curricuium  Materials  for  Use  in  Vocational 

\    -  *  ' 

and  Technical  Education."   Deleted  material  involves  extensive  use  of 

*  * 

military  forms,  procedures,  systems,  etc.  and  was  not  considered  appropriat 
for  use  in  vocational  and  technical  education. 


CE  "A"  IG -1*1.2 


JtAVAL  CONSTRUCTION  TRAINING  CENTER 
■PORT  HUENEME,  CALIFORNIA  93,043 
'  CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:    Unclassified  , 
Topic:    Study  Techniques 
Average  Time:;  1  Period  (Class) 
Instructional  Materials: 

A.  .  Texts;  .  . 

, ;  •  < 

!  !♦    How  to  Study,  Sth  Edition,  Thomas  F.  Staton, 
.P.O.  Box  6133,  Montgomery,  Alabama  361Q6. 

B.  References:  None* 

C.  Tools,  Equipment  and  Materials:  None, 
D«  Training  Aids  and  Devices:    None*  ' 

E.  Training  Aids  Equipment:  None. 


Terminal  Objective:    Upon  completion  of  this  unit  of 
instruction  •  the  student  will. have  registered  for^the 
course,  received  course  textbooks,  answered  questions  * 
pertaining  to  key  points  on  the  organization,  mission 
and  regulations  of  NAVCONSTRACEN  and  CBC,  reviewed 
class  schedule^  been  introduced  to  class  counselor, 
stated  the  benefits  that  can  be  derived  from  good 
study  technique,  stated  how  to  report  accidents, or 
-fire,  and  IJj^ted  the  safety  practices  that  are  enforced 
in  the  school/*  ^ 


Enabling  Objectives:  *  Upon  completion  of  this  topic* 
the  student  will  demonstrate  his  ability  to  state 
orally  the  benefits  of  good  study  techniques.  He 
will  do  this  in.  answer  to  key  questions  based  on  his 
information  sheet  and  on  the  instructor's  emphasis' 
during  the  petipd*    He  must  be  basically  correct  in 
this  as  well  as  in  answer  to  key  questions  pertaining 
to  perparation  for  tests  and  examinations. 

Criterion  Test:    The  student  will  demonstrate  his 
ability  to  describe  the  key  points  listed  in  "How 
To  Study11,  and ^ will  exercise  good  study  techniques 
throughout o hi s  assignment  to  CE  School* 


Homework:  None* 


OWTLIME  OF  IHSTKUCTION 
I.    Introduction  to  the  lesson. 
A.    Establish  contact./ 

» 

*  • 

1.    Nue  :  %'  '    -  * 

2;    Topic:    Study  Techniques. 

•  * 

9.    Establish  readiness. 

1.  Purpose.  >v  *  {  .  # 

2.  '  Assignment. 
C.    Establish  effect. 

1.    Value.  - 
a.    Pass  course. 
•  b.    Perform  better  on  the  job. 

^  c.    Get  advanced.  * 

d.    Be  a  better  Construction  Electrician. 
D;  Overview:; 

%  1.    Benefits  of  good  study  techniques. 

J    "         -  ' 
2*.  Factors  contributing  to  good  study < 
techniques. 

3.  Improve  reading  habits; 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic3. 


CE  "A"  IG  1.1.2- 
STUDENT  ACTIVITY 


r 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 


57 
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OUTLIWB  OF  INSTRUCTION  TMSTRIirrnp  Amurrv  CE  "A"  UP  1.1.2 

~  >  •    •  ^HjSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

Presentation.    „  * 
A.    Steps  of  procedure/  ^  * 

1.    Benefits  of  good  study  techniques. 
'       ^    «•    Economy  of  tine  and  effort.  * 


b.    Study  technique.  .  ^ 

,  -i- 

(1)  Attitude. 

»  <-  p 

(2)  Study  environment. 

**  ♦  * 

(3)  Tine  budgeting.        '%  / 

(4)  Concentration  habits. 

(5)  Reading  habits.  .    .    V  ' 

>(  „     ;  (6)    Note  taking. 

2. ,  Factors  contributing  to  good  study 

techniques.  * 

a*.  Favorable  environment. 

Free  frqm  distraction. 

(2)  Proper  lighting.  * 

(3)  Proper  temperature.        „'  -  i  " 

(4)  Comfortable  furniture.4  *"  , 

(5)  Necessary  materials  on  hand. 

.  gu 

(3  of  A)  f 
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CUTUg  0F  INSTRUCTION-  INSTRUCTOR  ACTIVITY     ,  STUDENT  ACTIVITY 

•  '    '   -&s  *  :  *  "       =  c~" 

b.    Study  tine  budget.  %ji 

•     (1)    Definite,  study  time'. 

*  (2)    Daily  load  of  study  hours. 

(3)    Avoid  interruptions • 

3.    Improve  reading  ability.  *  * 

a»    Develop  reading  habits.  f'  i  ,v 

b.    Develop  better  vocabulary. 

^  (1)    Use  dictionary  for  definitions.  f~ 

III*  Application. 

A.    Clear  up  any  area  of  doubt  in  regard  to  study  * 
technique. 

IV.  Su«*ary. 

A.  Benefits  of  good  study  techniques. 

<  •  %  »  •> 

B.  Factors  contributing  to  good  study  techniques, 

C.  Reading  ability.  , J 

D.  Questions. 

V.  Test:    None.         '  I  - 


^  *•  (4  of.  4) 
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NAVAL  CONSTRUCTION .,, TRAINING  .CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-7 21-0018 


Classification:  Unclassified 
Top^ic.;    Safety  Policies  j  ^ 

Averag«%T|ae:    1  Period  (Class)' 
Instructional  Materials:  ^ 

"Ite    Texts:  None. 

"B'%  References: 

»1.    NAVSO  P-2455,  Department  * of  the  Navy, 
Precautions  for  Shore  Activities. 

C.  ~*  Tools,'  Equipment  and  Materials:  None. 

D.  Training  Aids  and  Devices:  None. 
B.    Training  Aids  Equipment':  None. 


Terminal  Objective:    Upon  completion  of  this  unit 'of 
instruction  the  student  will  have  registered  for  the 
course,  received  course  textbooks,  answered  questions 
pertaining  to  key  points  oh  Che  organization,  mission 
and  regulations  of  TNAVCONSTRACEN  and  CBC,  reviewed 
class  schedule,  been  introduced  to  class  counselor, 
stated  the,  standards  of  the  school,  described  the 
benefits  that  can  be  derived  from  good  study  techniques, 
stated  how  to  jreport^  accidents*  or  fir<    and  listed 
the  safety  practices,  that  are  enforced  in  the  school . 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will* demonstrate  his/her^ability  to 
answer  specific  oral  or  written  questions  regarding 
key  policies  governing  the  safe  handling  of  equipment 
and  materials;  consideration  for  personal  safety 
(including  avoiding  and  eliminating  fire  hazards); 
methods  of  reporting  accidents  and  fires;  and,  duties 
and  responsibilities  of  the  Class  Safety  Man.  ' 
Student's  answers  must  be' basically  correct. 

Criterion  Test:    The  student  will  conform  to  the4  safety 
policies  fpr  the  duration  of  his  assignment  to  CE 
School. 

Homework:    None.  r 
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0UTLIM1  OF  UlSTItUCTIOW 

I,    Introduction  to  the  lesson. 

A.  Establf^h  contact. 
•  1.  KaW: 

2.    Topic:    Safety  Precautions. 

B.  Establish  readiness. 
1*  Purpose. 
2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.    Pass  course. 


INSTRUCTOR  ACTIVITY 


CE  "A"  .  V.1.3 
STUDENT  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  .Bring  out  need  and  value 
oCmaterlal  being  presented. 


b.  Perform  bette* on  the  job. 

c.  Get  advanced. 

*  *  *s 

d.  Be  a  better  Construction  Electrician. 


Overview: 

1. 

Safety  policies. 

2. 

Application.. 

3. 

Summary*. 

4. 

Questions. 

5. 

Assignment • 

I.D. .  State  learning  objectives. 

,«  y*  « 

1.    State  information  and 
materials  necessary  to  guide:.  \ 
student.  9i 


/ 


.  / 


OUTLINE  OF  INSTRUCTION 
II.    Present at loo* 
,   A..  Safety  policies.  ^ 

1.  Safe  handling. and  use  of  equipment* 

* 

a.  Electric  drills. 

*'  ^  rJ.„  ^ 

b.  Digging  tools.  - 
V^c.    Ladders*  I  » 

fc  .  ,         d.    Climbing  gear*  I^r 

e>  .Generators* 

<  / 

f.  transformers.  pJ 

***  *  ► 

\  < 

g.  .Electricaf  panels.  ' 

2.  Personal  safety* 

*         a.    Climbihg  poles* 

•b*    Working  around' electrical  circuits* 
i  c.    Working  around  generating  equipment* 
3*    Fire  hazards. 

a*  Smoking. 
'4.*  Methods  ofa  reporting  a  firV. 
>      a,.    Report  to  the  instructor:  - 
*  *b.    Report^to  the  office, 

c.    Fire  alarm  box. 


INSTRUCTOR  ACTIVITY 


/ 


/ 
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CE  "A"  16 .1.1.3 

Student  activity 
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OPTUME  OF  IMSTTOCTIOM  .  ■* 

5.  •  Methods  of  fighting  fire.    .  J; 
'•_  .>           .-  .«•  .  C02  hottle. 

".  ,~  b.  Hater. 

c.  Sand. 

6.  First  aid  in  the  field/shop. 
-   e        *•    Report  to  instructor. 

Jr.  Dispensary. 
B.    Introduction  of  Class  Safety  Han. 
1  /III.   Application.  .  \  # 

: .  \  k.    Apply  rules  of  safety  throughout  assignment 
.       to  CE  School. 


INSTRUCTOR  ACTIVITY 


5  * 


y    IV.  Summary. 

A.    Safe  handling  and  use  of  equipment « 
hi    Personal  safety. 
C  -Fire  hazard. 

D.  Methods  of  reporting  fire. 

E.  Methods  of  fighting  fire. 
"^^^  First-aid. 

,  V.  <4fest:    None.  ■ 


■eric; 
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STUDENT  ACTIVITY 
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-  NAVAL  CONSTRUCTION  T1AINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
(CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018. 


Classification:    Unclassified  * 
Topic:    Pole  Climbing  Equipment  and  Techniques 
Average  Time:    2  Periods  (Class) ,  9  Periods  (Pract) 
Instructional  Materials: 
A*  Texts: 

1.  Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  9. 

2.  Programed  Instruction,  Series  071/590, 
"Pole  Cliabirtg  Techniques".  s 

3.  The  Lineman's  and  Cableman's  Handbook,  4th 
edition,  Kurtz,  McGraw-Hill  Book  Co., 

New  York,  N.Y.   


B.    References:  None. 


C.    Tools,  Equipment  and  Materials.:  x 
1.    Lineman *s  kit  of  climbing  equipment  J  ' 


Terminal  Objective:    Upon  completion  of  this  unit 
of  instruction  the  student  will  be  able  to  select,' 
adjust,  and  use  pole  climbing  equipment  to  climb  a 
35  foot  pole  in  accordance  with  the  Programmed 
Instruction  Series  071/590*  "Pole. Climbing  Techniques". 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  identify,  inspect,  adjust, 
and  perform  maintenance  on  climbing  equipment  prior 
to  climbing  a  20  foot  practice  pole.    Steps  of 
procedure  will  be  performed  in  accordance  with  the 
Programmed  Instruction  Series  071/590,  "Pole 
Climbing  Techniques'9  without  error. "  7 

Criterion  Test:.  The  student  will  perform  the  required 
inspection,  adjustment  and  .maintenance  procedures 

on  pole  climbing  equipment,  and  use  the  proper  

climbing- techniques  to  climb  a  20  foot  pole  as  outlined 
in  the  Programmed  Instruction.    All  procedures  will 
be  executed  100%  correct.  s 

Homework:,  Read  "The  Lineman's  and'  Cableman's 
Handbook",  chapter  43,  pp.  43-1  thru  43-20. 


2.  Hardhat  and  gloves. 

3.  File  and  gaff  gauge. 
D.    Training  Aids  and  Devices: 

1.    Films;  ... 

(1  of  10) 


CE  '-'A"  IG 


a.  MC  8317  "Lifeline  of  the  Lineman"  (15  min.). 

b.  TF  11-2827  "Climbing  and  Working  oh  Poles" 
(25  min.)v 

c.  CL1-001  •••Climbing  with  Confidence"  (28  min.). 
2.    Climbing  equipment  display.  ' 

*  '  V 

K.    Training  Aids  Equipment:  • 
1.    3 Shi  Movie  Projector, 
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OUTLINE  OF  INSTRUCTION 

I.    Introduction  l;o  the  lesson. 

A.  Establish  contact.   1  • 

1.  Name: 

2.  Topic:    Pole  Climbing  Equipment  and 
Techniques. 

B.  Establish  readiness. 

1.  Purpose. 

a.-  Use  and  care  of  pole  climbing 
equipment • 


b.    Attain  climbing  knowledge  and 
skill. 


C.    Establish  effect. 


£7 


INSTRUCTOR-ACTIVITY 


CE 


If  AM 


.  STUDENT 


ACTIVITY 


l.A.    Introduce  self  and  topic, 


I.B.    Motivate  student, 


I.B.I .a.    Well  maintained  climbing 
gear  is. the  lifeline  of  the  ~ 
lineman.     *-.  * 

I.B.l.b.  :  Climbing  with  confi- 
dence can  only  be  done  after 
some  practice  and  strict  obser- 
vance of  all  safety  rules. 


I.    Valb*.  ^ 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

i.    Be  a  better  Construction  Electrician, 
«  D.  Overview: 

1-    Identify,  inspect,  adjust  and  perform 
maintenance  von  climbing  equipment. 

.2.    Pole  climbing  practical  performance. 


I*Ci — Bring  out  ireed^andnyalue' 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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OUTLINE  OF  INSTRUCTION 
II*  Presentation. 

A.    Climbing  equipment  . 

/    1*  4  Body  belt. 

a.  Cushion  section* 

(1)    Comfort.  * 

b.  Tool  saddle  (tool  loops). 

(1)    Holds  tools  (no  t?ols  in 
center  loop). 

c.  D-rings. 

/  (1)    Attachment  points  for  the 

safety  strap. 

d.  Belt  section.  _  * 


"(1)    Secures  body  belt  to'vaist. 


2.    Safety  strap, 
a.    Strap.  . 


(1)    Supports  body  In  working 
position. 


b.    Snap/keeper  combination* 


! 


(1)    To  attach  safety  strap  to  D- 
rings* 

c.    Buckle  assembly. 

(1)    To  adjust  length  of  safety 
strap*  i  *" 


INSTRUCTOR  ACTIVITY 


CE  ";AM  :  1.2*1 
STUDENT  ACTIVITY 


tt"    II. A. 1.    Introduce  body  belt, 
II.A.l.a.    Identify  parts. 


II.A.l.b.(l)  Stress:  To  prevent* 
spinal  injury. 


II. A. 2.  Introduce  safety  straps, 
II.A.2.a.    Identify  parts. 


"(4  oKiO) 
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OUTLINE  OF  INSTRUCTION 

3.  '  Climbers. 

t>  '  ,  * 

*•    Leg  irons  (left  and  right). 

•  ,* 

(1)  Adjustable. 
\  b.    'Ankle  straps. 

.(1)    Secures' leg  irons  to  feet, 
c.    Leg  straps  and  pads. 

(1)    Secures  top  of  leg  iron. 
d\  Gaffs. 

(1)    Steel  !(Tree  or,  pole)  . 
-    (2)    Replaceable  spurs. 
(3)    Supports  body  weight: 

4.  Lineman's  gloves. 

a.  Leather  with  gauntlets. 

b.  Required  hand  and  arm  protection. 

5.  Safety  hat. 


a.  High  impact  fiberglass  with 
adjustable  head  band. 

b.  Required  head  protection  on  job 
sites. 


6d 

1 


INSTRUCTOR  ACTIVITY 


II .A. 3.  '  Introduce  climbers. 


II.A.3.a.    Identify  parts. 


II.A.4.    Introduce  gloves. 


II .A. 5.    Introduce  safety  hat. 


CE  "A"  IG  1.2.1 
STUDENT  ACTIVITY 
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SO 


qutuh  or  mSTMKrflOH 
B.  Inspection. 


1.  .  Body  belt,  safety  strep  end  climbers,  v 

•  / 

"a.    Carefully  inspect  before  each  use 

b.  Check  leather  and/or  fabric. 

(1)  for  cute,  creeks,  teers, 

c  enlarged  buckle  tongue  holes,  and 
for  hard  or  <lry  leather. 

(2)  Stitching  fov  broken,  ragged,  or 
•  :      .   rotten  threads. 

c.  Check  metal  parts; 

(1)    For  breeks,  cracks,  loose 

attachment^  and  excessive  wear. 

*•  « 

C.  Adjustacncs. 


INSTRUCTOR  ACTIVITY 

II. B.  Demoristr ate  inspection 
of  belt,  strap  and  climbers 


/ 


/ 


1.  Body  belt.  \- 

'    a.    Snug,  but  not  tight.  . 

b. .  Approximately  2"  below  waist- 
line, on  the  hips. 

2.  Safety  strap. 

a.  Length  adjustable  to  meet  working 
*      conditions.      -  ■ 

.3.    ClfabeVs.  * 

a.    Remove  keeper  screws.  , 


Il.C.l.a.  Demonstrate"  proper 
position  of  .belt  on  body. 


\ 

II.C.2.  Demonstrate  how  to 
adjust  safety  strap. 


II.C.3.  Demonstrate  how  to 
adjust  climbers.  * 


CE  "A" 
STUDENT 


1.2.1 
ACTIVITY 


81/ 


(6  of  10) * 


/-  . 


82 


OUTLINE  OF  mSTKUCTION  %- 

•V..     -   -  ••        :  ' 

b.  Raise  or  lower\  sleeve  approximately 
1/2"  below  the  inside  prominence 

'        of  the  knee  joint. 

~*       -  "  - 

c.  Reinstall  keeper  screws. 
4.    Safety  hat. 

a.  *  Head  babd  must  be  tight  enough 

*      to  hold  hat  on  head  regardless  of    '  1 
the  working  position.  ' 

c 

D.,  Maintenance* 

1#    Leather  parts*  < 

av*    Clean  with  saddle  soap  every  3  months 
'    or  as  necessary. 

b.  *  Dress  with  neats  foots  oil  after 

cleaning,  let  dry  24  hours. 

-  ,  *  '    *  \  o 

.      2.    Nylon  parts. 

* 

a.    Clean  with  warm  soapy  water. 
3.  Climbers. 

it  " 

a.    Check ,% gaffs  frequently  with  gaff 
gauge.' 

b •  -  Sharpen  and  shape  as  required . 


INSTRUCTOR  ACTIVITY 


CE  "A"  16  1.2.1 
STUDENT  ACTIVITY 


II.C.4.  Demonstrate  safety  hat 
head  band  adjustment. 


(1)    Sharpen  on  flat  siW  only, 

^  (2)    Use  10"  mill-bastard  or 
8W  SMboVh  file. 


II.D.3.a.  Demonstrate  proper 
use  of  gaff  gauge. 

II.D.3.b.  Demonstrate  how  to 
sharpen  a  gaff.  * 


LiNE, 


OUTLINE,  OF  INSTRUCTION 


T 


. INSTRUCTOR  ACTIVITY 


CE  "A"  IG  .1.2.1 
STUDENT  ACTIVITY 


(3)  File  from  heel  to  point. 

(4)  Check  progress  with  gauge. 


Films: 


1.  MC-8317,  "Lifeline  of  the  Lineman". 

\ 

2.  TF-11-2827,,  "Climbing  and  Working  , 
on  Poles". 


II. E.'  Show  films  and  discuss 
highlights. 


3.  CL1 


.-Mi ; 


Climbing  with  Confidence". 


F.  .    Pole  climbing  techniques. 

*  l  *  '  '. 

1.    Programmed  Instruction,  "Pole  Climbing 

•  Techniques".  \     „  ■ 

\  2*    "The  Linemart's  and^aWeman.1  s  

!  j  . ~  Handbook".  ; 

G.  Safety*  , 

-» 

1.    Accident  prevention* 

a.    Causes  of  accidents. 


(1)    Lack  of  supervision  and /or 

knowledge*  .  * 

^a)    Improper  wotjt  methods* 

(b)    Rules  or  instructions  not 
4  observed. 

"  \  '     .  \  ' . 

* (c)    Lack  of  proper  inspection 
-and* maintenance.  (Defective 
tools,  materials  and  devices.) 


II*F*1*  Discuss  and  answer 
questions*  * 


II.F.l.  Participat 
in  discussion* 


88 


8* 


.... 

(2)c  ^Personal  carelessness.. 


(8  o.\ 


10) 


OUTLINE  OF  mSTMJCIION 


instructor'  activity 


.  (a)  Attitude, 

(b)  Failure  to  think. 

(c)  Mechanical  manner  of  doing 
work  (lack  of  concentration). 

(d)  Haste. 

(e)  Poor  judgement. 

\  - 

(f)  Willfulness.  •  - 

(g)  *  Physical  condition. 

(h)  Intoxication.  ^ 

(i)  Conditions  beyond 'control 
(elements).    .  \ 

A 

(j)    Contributory  negligence  of 
others. . 


.III.  -  Application.* 

A.    Student  practice. 


l.  J* 


III. A.    Provide  climbing 
equipment  and  tools  for  each 
student. 


earing  body  belt  and  safety  strap. 


? .    Adjusting  climbers. 
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CE  "A"  Iff  1.2.1 
STUDENT  ACTIVITY 


III.A.l.    Put  on  body 
belt  and  safety  .strap 
and  adjust  for  proper 
fit. 

III. A. 2.  Adjust  height 
of  leg  Irons  to  within 
1/2"  of  the  knee  joint. 


OO 


A 


OUTUNEOP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


3.  Check  climbers  with  gaff  gauge,  sharpen     III.A.3.    Closely  observe 
as  required.  students  gauging  and 

sharpening  gaffs* 

'     .       \  *    <  \  * 

4.  Perform  pple  climbing  procedure*  III.A.4y    Demonstrate  how  to 

climb,  maneuver  and  assume 
working  positions  on  pole. 


P.  SuLmry. 


IV  •  sugary. 

A.  Climbing  equipment* 

8.'  Inspection* 

C.  Adjustments, 

t*.  Maintenance, 

i.  Films* 

F.  Pole  climbing  techniques*. 

C.  Safety. 


v 


CE  "A"      \l*2.l  ^ 
STUDENT  ACTIVITY 

III*  A.  3.  Sharpen  gaffs 
as  required* 


III.A.4.  Observe 
instructor  demonstration* 

a*    Ask  instructor 
to  check- for  proper  fit. 

b.  Students  perform 
practice  climbing. 


\ 
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NAVAL  CONSTRUCTION  TRAINING  CENTER - 
PORT  HUENEME ,  CALIFORNIA  93043 


CONSTRUCTION  ELECTRICIAN  "A'*  SCHOOL  TRAINING  COURSE  A-7 2 1-0018 


^Classification:  Unclassified 
Topic:    Pol*  Climbing  Practice  to  Qualify 
Average  time:.   \i  Periods  (Pract) 
Instructional  Haterials:  , 
A*    Texts:    Noa*      | % 

B.  0  References;  None. 

C.  Tools,  Equipment  and  Materials: 
Lineman's  kip  of  climbing  equipment. 


2.  Uanihat  and  gloves. 

3.  Practice  poles. 

D.  Training  Aids  and  Devices.:  None. 
£.   Training  Aids  Equipment:  Noue. 


Terminal  Objective:    Upon  completion  of  this  unit 
of  Instruction  the  student  will  be  able  to  select, 
adjust,  and  use  pole  climbing  equipment  to  climb  a 
35  foot  pole  in  accordance  with  the  Programmed 
Instruction  Series  071/590,  "Pole  Climbing  Techniques 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  qlimb  a  35  foot  pole| 
to  within  2  feet  of  the  top,  belt  off,  circle  the 
pole  clockwise  and  counter-clockwise  and  descend  to 
the  ground*  ' Steps  of  procedure  will       perfort - 
without  error  in  order  to  qualify  ^or~,jLinen*an,\ "~ 

Criterion  Test:    The  student  will  climb  a  35  foot 
P9le,  following  the  prescribed- safety  practices  and 
steps  of  procedure  as  outlined  in  the  Programmed 
Instruction,'  "Pole  Climbing  Techniques"  without 
error* 


Hdfcework:  None. 
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OUTLINE  OF  INSTRUCTION 

u — - 

1  ,  *       ■  t 

I.    Introduction  to  the  lesson. 

!  "     I  "  ' 

;  A.    Establish  contact. 

*  1.  Nam: 

2.    Topic:    Pole  Climbing  Practice'. 

^    B.    Establish  readiness.  ; 

1.  Purpose. 

To  become  proficient  in  pole 
eliding.    *  ! 

»C.  Establish  effect. 

1.  Value.   

a.  Pass  course. 

b.  Perform  better  on  the  job. 

•  T  ' 

c.  Get  advanced. 

d.  ,    Be  a  better  Construction  Electrician. 
D..  Overview: 

1.    Pole  climbing  practice. 


INSTRUCTOR  ^TIVITY 

-  .'i 

I. A.    Introduce  self  and  topic. 


CE  "A'-' 
STUDENT 


1G  1.2,.2 
ACTIVITY 


H.  -• — t — •  '4 


I.B.    Motivate  student. 


I|.C.  Bring  out  need  and  valkie 
of  Material  being  presented.!  ' 


I.D.    State  learning  objective. 

ifTl.    State  information  and 
materials  necessary  to  'guide 
student f  i 


■\. 


A. 


OUTLINE  OF  IHSTWICTION 
II.  -  Presentation^  *  /  \ 

A.    Practice  pole  climbing. 


INSTRUCTOR  ACTIVITy\ 


*  CE  "A"  iv  1.2.2 
STUDENT  ACTIVITY 


1.    In  accordance  with  Pole  ClinMng 
.Techniques,  Toplfc  1.2.1. 


II. A.    Schedule  practice  at 

1  hour  per  day  for  first  A  weeks. 


III.    Application.  / 

Ax    Perform  pole  climbing  practice. 

l;    Ascend  a/pole,  belt-off,  circle  clockwise  and 
counter-clockwise,  unbelt,  and  descend. 


IV.  Sunmary. 


•  A.    Pole  climbing  practice. 

.  i  ! 

•V.       Test*:  None.} 


\ 


FRir 


.  V 
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\ 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
*;  -.    PORT  HUENEME,  CALIFORNIA  93043 

CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 
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Classification :  Unclassified 


Topic:    Boxes;  Fittings  and  Electrical  Devices 
Average  Time;    7  Periods  (Class) 
Instructional  Materials : 

A.  Texts: 

1.    Construction  Electrician  3  &  2,  NAVPERS 
10636-C,  chapter  1\  \ 

p     2.    National  Electrical  Code,  Article  370. 

B.  References:  . 

1.  American  Electricians  Handbook,  9th  edition, 
Croft,  Carr  and.  Watt;  McGraw-Hill  Book  C6.r 
New  York,  tf.Y;.  * 


Tools,  Equipment  and  Materials: 
1.    Boxes,  steel. 


2.  Boxes,  Non-metallic. 

3.  -  Fittings. 


Electrical  devices.- 


Terminal  Objective,:    Upon  completion  of  this  unit  the 
student  will  be  able  to  use  electrician's  tools  to 
install  and  test  electrical  material' and  equipment 
within  an  open-framed  building,  and  a  reinforced' 
concrete  slab  area  with  surrounding  concrete  nu\son*y 
upit  wall.    Installations  will  conform  to  the  completed 
drawings  that  follow  prescribed  code  rulings  and 
calculations* as  outlined  in  the  appropriate  Job' 
sheets .  '  *  N   *  * 

Enabling  Objectives:    Upon  completion  of  this  topic 
^the  strident 'will  be  .able  to  install  boxes,  and  fittings 
within  an  open-framed  building.    Evaluation  of  this  f 
topic  will  be  conducted  during  Topic  CE  "A"  1.3/13 
and  in  accordance  with  the  Job  Sheet  CE  "A"  JS  1.3.13.1 
"Cubicle  Wiring".    Installation  of  electrical  materials 
will  be  100%- correct. 

Criterion  Test:    the  Student  will. install  the  required 
boxes,  fittings  and  electrical  devices  in  an  open- 
framed  building.    Installation  will  be  100%  correct. 

,   .  •* 
Homework:    Read  Construction  Electrician  3  &  2, 
chapter  7,  pp.  167  -  176. 
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«  ^ 
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* 

* 

  ^ :  ••  ,:. 

•  ;             .        .  * 

*                                                                                                     **  *  • 
*                                   *  1 

*  * 

,                .  Y  —   

«    CE  "A"  IG  1.3.1  .<         "  - 

0,  "  Training  Aids  and  Devices :  , 

o 

w               1.    Locally  prepared  materials: 
/     *                 .   a.    Electrical  material,  display  board.  X 

*                            *  ♦ 

b.    Information  sheet. 

* 

(1)^  CE  '•A1*  IS  1.3.1.1,  "Boxes,  Fittings 
*                              ^>            and  Electrical  Devices".  ? 

— -  _  _  . 

'  *  £.    Training  Aids  Equipment:  None. 

i 

♦  ■** 

v                                      «N      •  * 

i                 "                                -  * 

\ 

* 

» 

*  * 

*  - 

• 

?                      ,  f 

<*  t 

•                                               «                   •         *  * 

• 

o 

\ 
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INSTRUCTOR  ACTIVITY 

7/:.  :1 

OOTLIMK  OF  INSTRUCTION 

CE  "A"  ll.  x.3.1   '            -  " 
STUDENT  ACTIVITY    *  • 

'  I.    Introduction  to -the  lesson. 

• 

A. 

Establish  contact.  « 
1.    Name;   » 

I .A.    Introduce  self  and  topic. 

V* 

« 

* 

2.    Topic:    Boxes f  Fittings  and  Electrical 
Devices.     ~                       "  .  ,      '  \ 

4.  • 

°  * 

*  *  a 

B. 

.Establish  readiness. 

I.B.    Motivate  student* 

- 

1.    Purpose.     ^  . 

» 

'  •   *    .  < 

a.  .  Identify  end  use  electrical  material. 
2.    Assignment. '  | 

C. 

• 

#■ 

Establish  effect. 

f        »  ■  ■ 
1.    Value.  *  '  '        ,  ' 

C        k  ■» 

I.C.    Bring  out  need  and  value 
of  material  being  presented. 

a.    Pass  course. 

- 

b.  Perform  better  on  the  Job.6 

c.  ,Get  advanced. 

d.  a  better  Construction  Electrician; 

Overview:    m  4 

I.D.    State  learning  objectives. 

1.  Boxes.  # 

2.  Fittings. 

1.    State  information  and 
materials  necessary  to  guide" 
'  student. 

3.    Electrical  devices/ 

© 

4.    Wall  plates. 

• 

o 

m             i  ' 

.                                  (3  of  5)  ' 
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"   .  • 

ootlime  of  Instruction 

II.  Presentation. 
A.%  Boxes. 

1.  Steel. 

..  .  a,    4/S.  „ 


INSTRUCTOR  ^ACTIVITY 


CB."A"  >  1.3.1  . 
STUDENT  ACTIVITY. 

V 


II .A.    Pass  out  information- 
sheet  CE  "A'.'  IS  1.3.1.1,  "Boxes, 
Fittings  and  Electrical  Devices". 


*  b.    4/0;.  « 

c.  Handy. 

d.  Gem. 

2.  Non-metallic  and  metallic  cast  boxes. 

a.  Non-metallic  switch  boxes. 

4  '    '  * 

b.  Conduit  outlet  bodies. 

c.  c  *S  and  FD.  ,  # 

d.  Switch  and  outlet,  with  mounting  nails. 

3.  Number'of  conductors  (box  fi^l). 

*  a„    NEC*Table.  370-6(a)(D,  "Deep '  * 
.  'Boxes". 

•  » 

b.  *NEC  Table  370-6(a)(2) ,  "Shallow 

Boxes11.  * 

/ 

c.  * NfC  Table  37p-6(b),  "Volume  Required 

Per  Conductor". 

.  »»  , 

B.    Fittings.  "  0 


II.A.2.a.  Show  the  electrical 
material  display  boa^d. 


/  ■  -  * 

II.A.3'.a.    Stress  the  need  for 
code  rulings  governing  electrical 
materials.  % 
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OUTLINE  OF  INSTRUCTION 


73 


INSTRUCTOR  ACTIVITY 


CE  "A"  \i  1.3.1 
STUDENT  ACTIVITY 


•   1.    Conduit*  r 

2.  .  Caile.  . 

3.  Supports .  • 
"  Covers. 

C*    Electrical  devices.  * 

1.  Receptacles. - 

2.  Switches.  , 

3.  Landholders. 

4^  Surface-type  wiring  devices.  ' 
D".  -  Wall  plates.  * 

1.  Switches*. 

2.  Receptacles.  #  , 

3.  Miscellaneous • 
III.  Application, 

is- 

.   A.  .  Student  wfll  select  the  .proper  electrical  * 
,  materials  for  installation  into  the  3-roora 
cubicle  in  accordance  with  procedures  outlined 
m  ,  in  Job  Sheet  CE  "A"  JS  1.3.13.1,  "Cubicle  Wiring". 

*  * 
IV/    Summary.  * 

1.  -"Boxen, 

o     2.  Fittings. 

3.  Electrical  Devices.  ;        -  frt 

4.  Wall  plates.        •  .  (5  of  5) 
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NAVAL  CONSTRUCTION  TRAINING  CENTER  * 
„    PORT  HUENEME,  CALIFORNIA  93043 

Mill 


t CONSTRUCTION • ELECTRICIAN  "A"  SCHOOL  TRAINING  C0URSfci\A-7 21-001$ 
-  .Classification:    Unclassified  ' 

:    latic  Circuits  and  Bltepsints  '     .       *.     >   ^Terminal  Object ivef  Upon  completion  of  this  unit 


Topic:    Balic  Circuits  and  Bleep  joints  '     »  ' 

Average  Time:   .7'Pex-iods  fClass),  1  Period  (Pract* 

«-  ♦ 

Instructional  Materials:  '  * 

A.  Texts: 


1.  Construction  Electrjciai,  3  &  2,  NAVPERS 
106,36-G,  chapter  2*.  (  *v 

2.  National  Electrical  Code,  Articles  210 

and  220.  *  .    #  ,  , 

m  * 

>3i    Programmed  Instruction/ Series  058/551A*, 
>*  ' "Electrical  symbols".  .  * 


)  the  student  will  bet  able  to  use  electrician's  tools'  . 
.  to  install  and  teat  electrical  material  and  equipment 
within ah  open-f railed  building,  an<f  a  reinforce* 
concrete  slab  area  with"  surrouiyling  concrete  masonry  _ 
unit  wall*    Installations  will  conform  to  the  completed 
,   drawings-that  follow  prescribed  code  rulings  and 

calculations  as  outlined  in  the  appropriate  job  sheets* 

Enabling  Objectives' _JIpon  completion  of  this  topic 
the  student  will  be  able  t:o  jdraw  basic  circuits  and 
*  blueprints*'  Completed. drawings  will  contain  incandes- 
'   cent*  and  flourescent  lighting  systems.  m  Drawings  will(  * 
conform  to  the  requirements  outlined  in  the  Information 
Sheet  CE  MA"*fc  1.3.2.1,  "Basic' Circuits  and  Blue- 


-  4.  .  TM5-704 


priivtsj! ,  and 'will  be  100%  correct* 

04,"C6nstructioA  Print  Readiltfc  in  the.  Criterion  Test:  The  student  will  complete  an  electri- 
",  August  1952.  ■*  ,     <*cal  drawing  containing  the  required  circuits  for  new 


References: 


1.    American  Electrician1  s>*Handbook,  9th  edition.,  ,  chapter  2,  pp.  12.-25 
Croft,  Carr  and  Watt;  McGraw-Hill  Book*Ce% , 
*"  New  York,  N.r.  , 


construction  without  error. 

Homework:    Read  Construction  Electrician  3  &  2,, 


Tools,  Equipment  and  Materials: 
1*    Paper.  *     '  ./ 

*  2.    Rulfcr*        *  '  •  > 


.3.  Pencil. 


(1  of -6) 


ids 


Training  Aids  and  Devices: 
1.    Locally  Prepared  Material, 
a.    Information  sheet a. 


(1)    CB  "A"  IS  1.3.2.1,  "Basic  Circuits 
and  Blueprints". 


training  Aids  Equipment:-  None. 
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OUTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson ♦  > 
A*    Establish  contact.   

1 .  Name :  " . 

r 

2.  Topic:  "Basic  Circuits  and  Blueprints. 

B.  Establish  readiness. 

1.  Purpose. 

a.    Draw  electrical  diagrams. 

2.  Assignment. 

a.    Complete  electrical  drawing.  \ 

>  • 

C.  Establish  effect.     .  .  _  .   

> 

1/  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job; 

c.  Get  advanced. 

•    d..    Be  a  better  Construction  Electrician. 
r>.    Overview:*  ^ 

1.  Basic  circuits,  tnultiwire. 

>  * 

2.  Voltage. 


INSTRUCTOR  ACTIVITY 


I. A*.    Introduce  self  and  'topic. 


I.B*    Motivate  student. 


Sring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
Student . 


CE.  "A" 
STUDENT 


1*3.2 
ACTIVITY 


3.    Grounding  type  receptacles  5nd 
protection. 
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-  CE  "A"  IG  1.3.2 

OUTLINE  OP  INSTRUCTION  •  •  .   INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

4.  Conductors. 

v  » 

-> 

5/    Receptacle  outlets. 

.'•**-       -  -   •  ■  •        -  i 

6.  Feeders. 

»         ♦  ** 

7.  Branch  circuit  and  feeder  calculations.  ( 

8.  Electrical  prints.  • 

II.    Presentation.  -  * 

A.    Basic  circuits,  multi-wire.  *  . 


1.  Definitions,  NEC  Article  100.  *  ~  * 

2.  Color  code  for  branch  circuits. 

&  -  - 

3.  Grounded  conductor.  _ 

4.  Grounding  conductor. 

5*    Ungrounded  conductor.  * 

6.    Symbols.    '         -  II.A.6;    Review  P.I.  058/551A, 

••Electrical  Symbols". 
B.    Voltage.  ^: 

1.    To  ground."  *  *    *x  * 

*    2.    Between  conductors  -  dwellings  and  non- 
dwelling  occupancies.  .  • 

•  *  * 

3.    Voltag'e  drop.'  0 


C    Grounding- type  receptacles  and  protection. 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  'aCTIVITY' 

D.  Conductors. 

1.  Insulation* 

2.  Notes  to  Tables  310-12  through  310-15.  0  .  >  * 
^  3.    Ampacity.      *         -  N^ 

E.  Receptacle  outlets. 

1.  Grpund-fault  circuit  protection. 

2.  Maximum  load. 

„   •»  . 

*  *  >  - 

3.  Permissible  load. 

,  F.    Feeders.  * 

G.    Branch-circuit  and  feeder  calculations. 
1.    General  lighting  load. 
>   2.    Lighting  and  receptacle  circuits.  4 
3.    Continuous  and  non-continuous  loads. 


11.    Electrical  prints. 
-  li  Symbols. 

2.  Scale. 

3.  Floor  plans. 

4.  Wiring  diagrams. 
 -5 — Notes-,-  
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CE  "A"  Io  1.3.2 

OUTLINE  OF  INSTRUCTION    .       '*  1  INSTRUCTOR  ACTIVITY    *  '  STUDENT  ACTIVITY 

a*    Mechanical .     '  »  # 

b.    Electrical.        *  \ 

*         *  a  *  * 

III.    Application.  „  *.  -  •    •  * 

A.  The  student  will,  complete  an  electrical  print 

in  accordance  with  information  sheets  -  >  A 

CE  HAH  IS  1.3.2.1,  "Basic  Circuits  and  Blueprints".  _ 

"IV.    Summary.  %  ,  ~  .  •    -  . 

>  >  *  *  .  ■ 

.  A.    Basic  circuits,  multi-wire. 

B.  Voltage.  .  >  *  '  -0  fl 

C.  Grounding  type  receptacles  and  protection ✓ 

*  Hr 

U.    Conductors.  ~ 


E.  Receptacle  ^outlets.  "  ~ 

F.  .  Feeders. 

C.  Branch  circuit  and  feeder  calculations* 

H.  Electrical  prints.  r 
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,  NAVAL  CONSTRUCTION  TRAINING  CENTER 

.  -.  -PORT  JOJENEME ,  CALIFORNIA  93043 

CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING-COURSE  A-721-0018 


Classification:  Unclassified 
Topic:    Conductors,  Splices  and  Connectors. 
AveraftTlae:  -  1  Period  (Class),  1  Period  (Pra«t)  * 
Instructional  Materials: 
X.  Text*; 

1.  Construction  Electrician  3  &  2,  NAVPERS 
'  10636-C,  chapter  7. 

2.  Kalional  Electrical  Code,  Article  310, 

/ 

/    -     .  • 

B.    References:  ,         /  o* 

\     •  I 

1.    American Electrician  Handbook,  9th  edition', 
Croft ,°  Carr  an(i  Watt,  McGraw-Hill  Book  Co./ 
-  [flew  YorkyiN.Y*  \ 

Tools,  Equipment  and  Materials:  » 

* 

1      Electrician 1 s,  knife . 

Adjustable  open-end  wrenches. 


C. 


1  foot  lengths  of  #12  and"  #6  insulated ' 
conductors. 


k,  *  Wirenuts,  Type  HS^O.  . 

Spiit-bolt  conrjSkctors  for  #6  wire, 
6.     Electrical  tape,  plastic. 


'  Terminal  Objective:  1  Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
within* an  open-framed  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
unit  wall.    Installations  will  conform  to  the  completed 
drawings  that  follow  prescribed  code  rulings  and 
calculations  as  Outlined  in  the  appropriate  job 
sheets.  • 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  make  interior  wiring 
splices  and  connections  using  Insulated  copper  con- 
ductors, wirenuts,  split-bolt^  connectors  and  electrical 
tape.    Splices  and  connections  will  be  made  in         ,  . 
accordance!  with"  the  job  sheet  CE  "A"  JS  1.3. '3*1, 
."Conductors,  Splices  and  Connectors".  Practical 
application  will  be  100%  correct. 

Criterion  Tetffc:   Jhe  student  will  make  splices  and 
connections  using* 1  foot  lengths  of  copper  conductors 
and  appropriate  wirenuts  and  connectors.  -  Splices  and 
connections  will  be  100%  correct. 

Homework:    Read  Construction  Electrician  3  &  2, 
chapterv7,  pages  167-174.         _  * 
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training  Aids  arid  Devices^ 

1.    Splices  and  connections  display* 

Training  Aids  Equipment:  None. 


A. 
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OOTUgS  OF  IHSTRUCIIOH 

♦  -*      *    i 

* 

I.  ,  Introduction  to.  the  lesson. 

— -  ^> 

'  *  * 
A*    Establish*  contact • 

.  u   ,      2%    Topic:    Conductors,  Splices  and 
Connectors*  » 

B.  Establish  readiness.  <     -    ~t  * 

1.  Purpose.  "  - 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

r  \  ■    -  • 

b.  Perform  better  .on  the  job* 

c.  Get  advanced.  #f  ■ 

^4d.    Be  a  better  Construction  Electrician. 

D.   .Overview'  c  X 

l/  Conductors  for  general  wiring. 

2*    Splices  and  connectors  used  in 
f  interior  wiring. ° 

3.  Job  sheet.  * 

4.  Questions. 


INSTRUCTOR  ACTIVITY 


I  .A.    Introduce  self  and  topic. 


CE  "A" 
STUDENT 


XCU-3.3 
ACTIVITY 


I.B.    Motivate  student. 


LC;~  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

«► 

1.    State  information  and 
materials  necessary  to  guide 
student • 


ognjgE  or  INSTRUCTION 
II* .  Presentation* 

A.    Conductors  for  general  wiring.  <? 

1.  General  description, 

a.    NEC  310-1.  <  0 

2.  Conductor  application. 

*  a.    NEC  310-2. 

* 

(1)  .Table  310-2(a)  Conductor 
application. 

3.  Conductor  insulations.  ' 

-  » 

,  a.    NEC  Table  310-2 (b)  Conductor 

Insulations. 

'4.    Notes  to  NEC  Tables  310-12  through 
310-15.  \ 

3.  m  Splices  and  connectors  used  in  interior 

wiring.*  * 

1.  Splices. 

2.,  Connectors. 

•  C.    Introduce  job'  sheet. 

i.    CE  "AM  JS  1.3.3.1,  "Conductors,  * 
Splices  and  "Connectors11. 


INSTRUCTOR  ACTIVITY 


CE  "AM 
STUDENT 


IIgA.2.    Stress.;    300  volt  insul- 
ation (United  to  fixture  wiring) 
600  volt  insulation  (general 
wiring) .  - 


tI.A.3.  Compare :  How  insulation 
thickness  varies  between:  Ex.-RHW 
and  TOWN. 


II .A. 4.    Stress :    Importance  of 
Notes  1-12  when  applied  to 
interior  wiring. 
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W^IKE  OF  IHSTRUCTIOH 

TV         "    ^  -  '  ' 

D. .  Steps  of  procedure.* 

1.    Hake  a  splice  u^ihg:  two  one  foot  lengths 
of  #12  solid  copppr  conductors  and  a 
#HS-2Q  wirenut. 

a.  Prepare  conductors  by  stripping 
5/8"  of  insulation  from  one  end 
of  each  wire. 

b.  Grasp  both  wires  together  (with 
skinned  ends  even). 

m      *  . 

c.  Place  the  wirenut  over  bare  ends 
and-  turn  in  a. clockwise  direction 
until  tight.    (Completed  splice 
shall  have  no, bare- copper  exposed 
below  the  wirenut.)  * 

,    "    Make  a  splice  using:  two  one  foot 

lengths  of*  #12  solid  copper  conduc- 
tors, one  one  foot  length  of 
fixture  wire,  and  a  #HS-20  wirenut. 


a. 


b. 


Prepare  conductors  by  stripping 
5/8"  of  insulation  from  one  £nd 
of -the  2  #12  conductors. 

"Sfein  1"  b£  insulation  from  one 
end  of  the  fixture  wire. 

*  # 

Grasp  the  2  #12  conductors  and 
wrap  (Jn  a  clockwise  direction) 
the  stranded  fixture  wire 
around  the  2  #12' s; 


INSTRUCTOR  ACTIVITY  . 


CE  "A".  1.3.3 
STUDENT  AiarjCVITY 


II.D.l.a.  .Demonstrate:  II.D.l.a.  Observe 

Technique  of  using  electrician1 s  technique, 
knife  to  skin  insulation* 

II.D.i.b.    Note:    Wires  may 

tfe  twisted  together  or  * 

straight.  " 

II. D. I.e.  Note:  Size  of  wire- 
nut will  be  dependent  upon  size 
and  number  of  conductors. 


II.D.2.C.    Ensure  that  the  #12 
conductors  are  even  at  the  ends. 
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OUTLINE  OF  INSTRUCTION 


d.    Turn  the  wirenut  on  to  the  3  vires 
:*         and  twist  in  a  clockwise  direction  • 
until  tight. 

3.    Hake  a  splice  using i  two  one  foot 

lengths  of  #6  stranded,  copper  conductors 
and  a  #6  split-bolt  connector • 

a*.   Prepare  conductors  by  stripping  1" 
of  insulation' from  one  end  of  each 
■   f  conductor. 

<*+  „        «  *» 

b.    Place  stripped  ends  of  conductors 
together  and  install  #6  split- 
bolt  connector. 


c#    Tighten  split -bolt  connector  using 
two  adjustable  open-end  wrenches. 

d.  Tape  finished  connection  by 
applying  plastic  tape  until 
original  insulation  is  replaced. 

III.  Application. 

A.    Student  practice. 

a.    Make  splices  using  wirenuts,  split- 
bolt  connectors  and  electrical 
tape . 

IV ♦    Summary . 

A,  Conductors  for  general  wiring. 

©  *  * 

B.  Splices  and  connectors  used  in  interior 
wiring. 

lOQ  *  (6 
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INSTRUCTOR  ACTIVITY 


^CB  "iP  IG  1.3.3 
STUDENT  ACTIVITY 


II.D.3.b.    Demonstrate;    Proper  - 
procedure  for  disassembling  #6 
split-bolt  connector  and  - 
reassembling  over  the  two  #6 

conductors.  .  * 

II.D.3.C.    Demonstrate;    Place  one  «II.D.3.c.  Splice 

wrench  on  body  of  the  connector  must  not  slip  when 
and  tighten  bolt  with  second  pulled  by  hand, 

wrench. 


III. A.    Splices  shall  be  100% 
correct  and  ho  exposed  bare 
copper . 


1130 
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1                       INSTRUCTOR  ACTIVITY 

<p>   ,  ■  - 

C£  "A"  !-  1.3.3 

student  activity  . 

-            C    Jdb  sheetv 

\                  '     .\  • 

D.  Questions* 

V.    Test:  None/ 

*  **    •             *  * 

*               *  - 

-  * 

*       ■                      *9  y 

4 

*  t 

*  * 

♦ 

* 

-                                           *  > 

a- 

\ 

p 

i 

* 

* 
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,  CONSTRUCTION  ELECTRICIAN  "A" 
Classification: .Unclassified  /* 
Topic:    Code  Studies  •  / 
Average  Time:    5  Periods* (Class) 
Instructional  Materials:  * 

/ 

A.    Text 8:  / 

/ 

1.  Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter^ 

2.  National  Electrical  Code,  chapters  1,  2, 
3,  4  and  9*  -  ' 


CE  ym  IC  1.3.4 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORN 


SCHOOL 


93043 

INC  COURSE  A-721-0018 


B.  References:  None. 

-  ■ 

C.  Tools,  Equipment  and  Materials: 

D.  Training  Aids  and  Devices: 


None* 


1.    Locally  Prepared  Material:, 
a.    Information  sheet.  ®Q 
*    (1)  t  GE  "A"  IS  1.3.4.1,  "Code  Studies' 
Training  Aids  Equipment:  None. 


Terminal  Objective:.  Upon  completion  of  this  unit 
the  student  willNbe  able  to  use  electrician 9 a  tools 
to  install  and  tedt  electrical  material  and  equipment 
withf**  an  open-fram!*d  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry  - 
unit  wall.    Installations  will  conform  to -the 
completed  drawings  that Nfollow  prescribed  <tode  rulings 
and  calculations  as  outlined  in  the  appropriate 
sheets. 

Enabling  Objectives:   Upon  completion  of  this 
the  student  will  be  able  to  select  the -correct 
ruling  that  applies  to  each  item.of  electrical 
material  and  equipment ;to  be  installed  In  the 
framed  building  and  a ^reinforced  concrete  sla 
"with  surrounding  concrete  masonry  un__ 
will  be  in  accordance  with  the  National  Electrical 
Code  and  the  Information  Sheet  CE  "A"  IS  1.3.4.1, 
"Code  Studifes".    Code  rulings  selections  will  be 
100%  correct.  .  .  , 

Criterion  Test:    The  student  will  demonstrate  his/her 
^ability  by  selecting  the  correct  code  ruling  that 
applies  to  the  circuits  and  equipment  to  be 
instilled  during  Topic  1.3.5  "Conduit  Wiring",  and 
Topic  1.3.12,  ^'Cubicle  Wiring".    Selections  will  be 
100%  correct. 

Homework:    Bead  National  Electrical  Code,  chapters 
1  and  2. 


(1  of  5) 


133 


'  '  134 


OCimB  OF  INSTRUCTION 

*  »  * 

I.    Introduction  to  the  lesson. 

A.  Establish  contact.  ' 

1.  Name:  / 

v 

2.  Topic;    Code  Studies.* 

B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment. 

-  C,    Establish  effect . 

1.    Value.  r~ 


a*    Pass  course.  12  u 


\ 


b«    Verf 9r»* better  on  the  job. 
c.    Get  advanced. 

Be  a  better  Construction  Electrician. 


0V  Ovci^iew:  - 

1*  Introduction. 

i 

2.  General  guides,  chapter  I. 

;  •  _  I 

3.  Wiring  design  and] protection,  chapter  2. 

7  ' 

-   A«!    Wiring  methods  and^materials,  chapter  3* 
5.  '  Equipment  for  general  use,  chapter  4. 
•5.    Tables  and  examples,  chapter  9. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic*. 


CE  "A"  10  1.3.4 
STUDENT  ACTIVITY 


I . B.    Motivate  student • 


I.C.  Bring  out  need  and  value 
of.  material  being  presented. 


I.D.    Sffeate  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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ggrum  or  instruction  .  -   

»*  "  """"  6 

II,    Presentation.   ,  . 

A.  Introduction. 

1.    Purpose  of  code* 
^rf    2.    Scope.         *,  .  . 

3.    Examination  of1  equipment  for  safety. 
^       .4.    Wiring  planning. 

B.  General  guides,  chapter  1. 

1.  Definitions. 

2.  General  requirements. 

CT  Wiring  Design  and  Protection,  chapter  2. 

•  1.    Use  and  identification- of  gtounded 
conductors. 

2.  Branch  circuits. 

3.  Feeders. 

4.  Branch-circuit  and  feeder  calculations. 

5.  Articles.  / 

6.  Overcurrent  protection. 

7.  Grounding.  c 
D.    Wiring  methods  and  materials. 

1.  General  requirements. 

*  :  "  '  *"  (3  of  5) 


INSTRUCTOR  ACTIVITY 


CE  "A**  It  x.3.4 
STUDENT  ACTIVITY 
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IE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  •  STUDENT  ACTIVITY 


2.  Conductors  for  general  wiring. 

1.  Non-netallic-sheathed. 

4.  Rigid  metal  conduit. 

„< 

*• 

5.  Rigid  non-metallic  conduit. 

6.  Electrical  metallic  tubing. 

7.  Outlet »  switch  and  junction  boxes  and 
fittings. 

8.  Switches. 

9.  Switchboards  and  panelboards. 

E.  Equipment  for  general  use,  chapter  4. 

1.    Lighting  fixtures,  landholders,  lamps, 
receptacles  and  rosettes. 

■  2.    Motors,  motor  circuits  an^  controllers. 

F.  -Tables  and  examples. 

1.  Tables  .and  notes. 

2.  Examples  of  service  calculations. 

Practical  application.  t£ 

A.    The  student  will  apply  the  code  rulings 
during  the  practical  application  of  Topics 
1\3.5  and  1.3.12. 
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IV.  Suvary. 

A.  Introduction. 

»•    General  Guides,  chapter  1. 

C   Wiring  Design  and  Protection,  Chapter  2. 

D.  Hiring  Methods  and  Materials. 

E.  Equipment  fot  General  Use,  Chapter  4. 
P.    Tables  and  Examples. 

V.  Test:  Hone. 


0. 


OUTLINE  OF  .INSTRUCTION  '  INSTRUCTOR  ACTIVITY  ACljviW 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:  Unclassified 

• .     •*■  * 

Topic:    Conduit  Installation, 

Average  Time:    2  Periods  OClass) ,  12  Periods  (Pract) 
Instruct ional  Materials:  \ 
A.  Texts: 


1 


!•    Construction  Electrician  3  &  2,  NAVPEkS. . 
.    10636-G,  chapter  7.  f 

2.    National  Electrical  Code,  Articles  346  and 
348s  •  J 

B.  References: 

1.  '  American  Electrician's  Handbook,  9th  edition, 
Croft,  Carr  and  Watt;  McGraw-Hill  Book  Co., 
New  York,  N.Y. 

C.  Tools,  Equipment  and  Materials: 

1.  Electrician's  tool  kit. 

2.  Hand  Senders  (E.M.T.),  sizes  1/2."  and  3/4". 

a 

3.  Greenlee  ratchet  bender,  1/2"  to  1" 

,r~  ■ 

4.  Rigid  stiel  conduit. 

5.  Rigid  non-metallic  conduit. 

6*  .Rigid  non-metallic  conduit  bender* 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
within  an  open-framed  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
.unit  wall.    Installations  will  conform  to  the  com- 
pleted drawings  that  follow  prescribed  code  rulings 
and  calculations  as  outlined  in  the  appropriate  job 
sheets*  V'  * 

Enabling  Objectives:    Upon  completion'  o£  this  topic 
+  the  student  will  be'  able  to  install  rigid  metal 
conduit,  rigid  non-metallic  conduit  and  electrical 
metallic  tubing*    Installation  will  be  performed  in 
a  reinforced  concrete  slab  area  with  surrounding 
concrete  masonry  unit  wall .in  accordance  with' the - 
job  sheet  CE  "A"  JS  1.3.5.1*  "Conduit  Installation  in 
Concrete  Slab  and  Cinder  Black  Wall".    Conduit  runs 
will  be  installed  100%  correct.  *     *  , 

Criterion  Test:    The  student  will  install  rigid 
steel  conduit,  rigid  non-metallic  conduit  and  elec- 
trical metallic  tubing  in  the 'reinforced  concrete. 
Installation  will  be  100%  correct,  . 

Homework:    Read  National  Electrical  Code,  articles 
346  and  348  and  Construction  Electrician  3  &  2, 
pages  161  -  166. 
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7.  Electrical  metallic  tubing. 

8.  Connectors,  E.M.T. 

9.  Locknuts. 
10 ♦  Bushings. 

Training  Aids  and  Devices; 

1.  Films; 

a.  TFT6037,  "Conduit  Installation"  (17  min.), 
Color ,  67,  AF. 

b.  OE-382,  "Power  Conduit  Bendinfc"  (17  min.). 

2.  Locally  Prepared  Material. 

a.  Conduit  display  board. 

b.  Job  sheet. 

(1)    CE  "A"  JS  1.3.5,1,  "Conduit  Installation 
in  Concrete  Slab  and  Cinder  Block  Wall"/ 

b.    Information  sheet. 

(1)    CE  "A"  IS  1;3.5.1,  "Under-slaT>  Conduit 
Installation". 

Training  Aids  Equipment: 

!•    16mm  movie  projector. 
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OUTLINE  OF  IHSTRUCTIOH 
I.    Introduction-to^the  lesson* 

A.  Establish  contact.  4 

1.  Name:  r 

2.  Topic:    Conduit  Installation  . 

B.  Establish  readiness, 
/l.  Purpose. 

2."  Assignment.' 
Establish  effect. 
1.  Value. 

*  »  v. 

a.  Pass  course* 

'  >  « 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Electrician. 
Overview: 

1.  Rigid  steel  conduit.  \  ;* 

2.  Rigid  non-metallic  conduit.  J. 


INSTRUCTOR  ACTIVITY 


CE  MAM  IC  1.3.5 
STUDENT  ACTIVITY 


I, A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


/ 


I.C.  Bring  out.  need  and  value 
of  materials  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  apd  - 

material   

student 


/ 


3.    Electrical  metallic  tubing « 
\4.    Job  sheet* 
5*\  Questions/ 


147 
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\ 
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\ 


•...■.v. ... 


OF  INSTRUCTION 


II.  Presentation. 

* 

A.    Rigid  steel  conduit. 
1.  Use. 

-2.    Cinder  fill. 

♦ 

3.    Minimum  size*  \ 

».»'*•*  *  * 

Number  of  conductors  in  conduit.  v 

i 

5.  Cut, ^ream  and  thread. 

6.  Bushings,  couplings  and  connectors 

7.  Bends.  • 

p  a.    How  made. 

b.    Number* in  one  run. 
5.-    Supports.  • 

» 

-  9.-   Construction  specifications. 

l?X    ^^P.MPower  Conduit  Bending".  * 


B*    Rigid  non-metallic  coriduit. 

1.  Description. 

2.  Uses  permitted 

3:    Uses  not* permitted. 


140.. 


INSTRUCTOR  ACTIVITY 


CE  ;,AM  1.3.5 
STUDENT  ACTIVITY 


II .A. 5.    Stress:    yhy  these 
procedures  as  listed  must 
be  followed. 


II. A. 10.  Show  film  and  discuss, 
highlights. 


of  8)'-  -.     .      .      •  150 


OUrijJjg  OF  INSTRUCTION 

V    installation  requirement 8 .  - 
-n^  a.  Trimming. 

b.    Joints.  # 

•c.    Supports.       f~~  \ 

■  J .  . 

d.  Expansion  Joints/ 

e.  Number  of  conductors.  ' 

f.  Bend 8 /how  made. 

*  ,g.    Bends,  number  in  one  run« 

.  -    ■     '  , 

h.  Boxes  tod  fittings. 

j  •  **  ' 

i.  Splices  and  taps. 

^  :\ 

5.    Construction  specifications. 
5  "    C.    Electrical  Metallic  tubing.. 

1.  Use.  ,  *  ' 

2.  Wet  locations.  ;'  * 

3.  Minimum  and  maximum  sizes.  * 


151 


'  CI  VAM  IG  1.3.5 
INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY  c 

^       II^B.A.    Demonstrate  bending 
^         PVC  with  approved^  bender .  f  \;  * 


152 
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OCTHHE  Of  IMSTWJCTION 

I         Number  of  conductors  In  tubing, 
.  ./»  5.    Couplings  and  connectors.  - 

6.  Bends.  • 

« * 

*a.   :How  made.  *  * 
b.    Number  in  one  run. 

7.  Cutting  and  reaming.  * 

8.  Suppjorts. 

9.  Construction  specifications. 
10.    Film:  "Conduit  Installation".  % 

C.  .  Introduce  job  sheet. 


1.  -CE  "A"  JS  1.3.5.1,  "Conduit  Installation 
^  in  Concrete  Slab  and  Cinder  Block  Wall". 

D.    Steps  of  procedure. 

1..    Install  rigid  conduit  (steel  or  P.V.C.). 
into  a  reinforced 'concrete  slab. 

a.  Locate  stub-up  points  on  print. 

i  •  A.  *:4 

b.  Measure  distance  of  £opuiiit  run 
on  print  and  convert  'to^working 
measurements. 

<f 

c.  Locate  conduit  run  with  stakes 
and  chalk. 


r 


INSTRUCTOR  ACTIVITY 


CE  "A"  _  1.3.5 
STUDENT  ACTIVITY 


II. B. 7.    Stress:    The  need  to 
ream  E.M.T.  to  avoid  damage 
fto  conductor  insulation. 


II.B.10.  Show  film  and 
discuss  highlights. 


II.B.10.    View  film 
and  participate  in 
discussion. 


II.D.L    Note:    Assign  a  conduit 
run  to  two  'students.    Pass  out 
job  sheet  CE  "A"  JS  1.3.5.1 
and  information  sheet  CE  "A" 
IS  1.3.5.1. 

JI.D.l.b.    Stress:    Scale  on 
print  3/8"  »  one  foot. 
3/8" distance  on  print: 
one  foot  =  actual  distance 
applied  to  conduit  run. 
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W.JfE  OF  INSTRUCTION  « 

d.    Select  preformed  sections  of 
cdfcduit  for  assigned *  circuit. 
(Lighting >  receptacle  or  special 
purpose.) 

\e.    Install  "conduit  where  indicated  . 

I      with  chalk.. 

«.      *  . 

°v  * 

f •    Secure  conduit  to  rebar  at  approx- 
•  '  ■         imately  every  3  feet  with  rebar 
tie-wire. 

ARPly  conduit  section  from  conduit 
-»  run  (in  the  slab)  to  panel/  Secure 

^-  to  panel,  with  double  lock-nuts 

—  .  and  bushing. 

Apply  conduit  section  from  conduit 
run  to  junction  box.    Secure  to  J.B. 
;\    \  with  double  lock-nuts  and  bushing. 

.V,  '  1  « 

*  !•    P.V.C.  runs  located  in  the  slab 

will  require  rigid  steel  90° 
stub-ups  to  panel  and  junction  ; 
*  '  boxes.! 

2-    install  electrical  metallic  tubing. 

„  a.    Measure  distance  of  E.M.T.  run 
^between  junction  boxes  as 
outlined  on  the  print.  Convert 
;  distance  to  working  measurement. 

Select  the  proper  size  and  length 
of  E.M.T.  and  secure  to  the 
t   junction  boxes  with  connectors 
and  lock-nuts. 


INSTRUCTOR  ACTIVITY 


CE»A">  /.3.5 
STUDENT  ACTIVITY 


II.D.l.h.    Note:    plug  both  ends 
of  conduit  run  with  paper  or 
rags  to  avoid  any  foreign  matter 
that  may  be  inserted.  - 

It . B . 1 . i .    Note:    Ins tallat  ions 
shall  be  100Z  correct.  / 


II.B.2.b.    Note:    Securing  the 
E.M.T.  to  the  junction  boxes 
w?ill  secure  the  conduit  into 
position. 
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OUTliHE  of  instruction 

Cm    Check  all  points  of  connection 

between  conduit-to-panel,  conduit- 
to-conduit  and  conduit-to-junction  : 
boxes,,  y 

III.  (Practical  application. 

A.    The  student  will  Install  the  following: 

1.  Rigid  conduit  runs  in  the  simulated 
reinforced  concrete  slab. 

2.  Electrical  metallic  tubing  runs  in 
the  concrete^biock  wall  surrounding 

I  °  \  the  concrete  slab.  • 


IV.  Sundry 


V 


4 


A.    Rigid  steel,  conduit. 


/ 

B.    Rigid  non-metallic -conduit. 

y  \ Electrical  metallic  tubing. 
/  D.    Job  sheet. 

E.  Questions* 
V.    Test:    None.  / 


INSTRUCTOR  ACTIVITY 


II<B\2:c.    Note:  E.M.T. 
installations  shall  be  100Z 
correct. 


CE  "A"  1.3.5 
STUDENT  ACTIVITY 


CONSTRUCTION  "ELECTRICIAN 
Classification:  Unclassified 
Topic:    Koo-metallic-Sheathed  Cable 
Average  Timez    2  Periods  (Class) 

* 

Instructional  Materials:  **. 

A.  *  Text: 

1.    National  Electrical  Code,  Article  336* 

A  * 

•  i  *  t  I 

B .  References : 


, NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEMEy*  CALIFORNIA]  93043 

"AM  SCHOOL  TRAINING  COURSE' A-7 21-0018 


A. 


Terminal  Objective:    Upon  completion  of  this  unit 
the  fetudent  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
' within  an  open-framed  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry  - 
unit  vail.    Installations  will  conform  tV'the 
completed  drawings  that  follow  prescribed  code  rulings 
and  calculations  as  outlined  in.  the  appropriate 
job  sheets*  - 


Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  Install  non-metallic-, 
1.    Aoerican  ^Electrician's  Handbook,,  9th  edition,    sheathed' cable  in  the  open-framed  building.  Instal- 
lation of  Type  "NM"  cable  will  be  performed  during 
Topic  CE  "A"  IC  1.3.12  and; in  accordance  with  the 
job  sfieet  CE  "A"  JS  1.3.12.1,  "Cubicle  Wiring". 
Cajble  runs  will  be  .installed  100%  correct.  ; 


Croft,  Carr  and  Watt;  McGraw-Hill  Book  Co., 
Sew  York,  N.-Y/ 


C.  Tools,  Equipment  .and  Materials: 

X.    Short  lengths  of  all  types  of  non-metallic- 
sheathed  cables* 

»  • 

D.  Training  Aids  and  Devices: 

1*  Filas: 

a.  TF-6027,  "Roughihg-in  Non-metallic- 

Sheathed  Cable"  (15  mia.),  Color,  67,  AF. 

*  *  « 

b.  OE-377,  "Cable  Surface  Wiring"  (15  min). 


Criterion  Test:.  The  student  will  install  pon-metallic 
sheathed  cable  within  an  open-framed  building. 
Installation  will  be  100%  correct.  . 

Homework:    Read  National  Electrical  Code,  Article  336. 
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l.CO 


2.    Locally  Prepared  Material: 

a.    Non-metallic-sheathed  cable  circuits 
/  display  board. 

E.    Training  Aids  Equipment: 

.1.    16nn  movie  projector. 


Vv^v 
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OUTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson. 

*  «•  * 

Establish  contact* 

1.  Name: 

2.  Topic:    Non-metallic-Sheathed  Cable,  %  ~ 

B.  Establish  readiness. 

1.  Purpose.  * 

2.  Assignment.  '  * 

C.  Establish  effect. 

1.    Value.  • •  • 

*  A    •  -a.    Pass  course. 

\  < 

b.  Perform  better  on  the  job. 

« *  .  »\ 

c.  ,  Get  -advanced.  #  * , 

d*    Be  a  better  Construction  Electrician. 

*  * 

D.  Overview: 

*  » 

*  1*  Non-metallic-sheathed  cable. 
21  Practical  application. 

_     3.  Questions. 


INSTRUCTOR  ACTIVITY 


I .A.    Introduce- self  and  topic. 


CE  "A11  £  1.3.6 
STUDENT  ACTIVITY 


I.B.    Hotlvate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.t  State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student.  * 
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*  *  CB  "A"    "  i  3  6 

OUIUME  OF  DtSTlL'CTION  -  INSTRUCTOR  ACTIVITY  -     '  STUDENT  ACTIVITY 

II.    Presentation,  ^  '  *  .  y 

-  A.    Non-*etallic~sheathed  cable*     "  , 
1.    Definition.  * 
2«  Construction/. 

a.  Type  "NM" . 

b.  Type  "NMC". 

c.  Marking.  ..  .     *    -  , 
Use.          V .                                »  • 
a.    Type  "NM".  ,                     •  ,  * 


b.    Moisture  and  corrosion-resistant 
Type ."NMC" . 

4.  •  Supports! 

a*    Exposed  work. 

b.    Through  studs,  joists  and  rafters. 

< 

* c .  Bends* 

5.  Films:  .  S 


.  jx.    OE-377,  "Cable  surface  Wiring".  H.A.5.    Show  films  and  discuss    II.A.5.    View  films  and 

u     tp  ii n     .  ,    w  '       "  highlights.  participate  in  discus- 

?•    TF-6027,  "Rough-in  Non-metallic  u  sion. 


J-  .  Sheathed  Cable". 
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OUTLINE  QF  INSTRUCTION 

III*    Practical  application.  f 

A.  Install  non-aetallic-sheathed  cable  in 
accordance  with  the  job  sheet  CE  MAM  JS 
1.2.12.1,  "Cubicl*  Wiring"  during 
Topic  1.3.12.  " 

IV.  Summary. 

_      A.    Non-metallic-sheathed  cable. 

B.  Films. 

A 

C.  Practical  application. 
V  D.  Questions. 


INSTRUCTOR  ACTIVITY 


/of 


CE  "A"  .  1.3.6 
STUDENT  ACTIVITY 


9 
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CONSTRUCTION  ELECTRICIAN 
Classification:  Unclassified 
Topic:    Service  Entrances 
Average  Time:    2  Periods  (Class) 
Instructional  Materials: 

A.  Texts: 

*  ?    1.    Construction  Electrician  3*2,  NAVPERS 
10636-G,  chapter  7,  (  - 

2.    National  Electrical  Code,  Article  230. 

B.  References: 

ll.    American  Electrician^  Handbook,  9th  edition, 
o  Croft,  Carr  and  Watt,'  McGraw-Hill  Book  Co., 

f      Hev  York,  N.Y. 

< 

C.  Tools.  Equipment  and  Material:  None. 

D.  Training  Aids  and  Devices:  - 
1.     Locally  Prepared  Material. 

a.     Service  entrance  display  board. 

E.  Training  Aids  Equipment :  None 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENpME ,  CALIFORNIA  93043 

'A"  SCHOOL  TRAINING  COURSE  A-72 1-0018 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician9 s  tools 
to  install  and  test  electrical  materials  and  equipment 
within  an  open-*framed  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
unit  wall.    Installations  will  conform  to  the  < 
completed  drawings  that  follow  prescribed  code  rulings 
and  calculations  as  outlined  in  the  appropriate  job 
sheet 8. 

EnabUng  Objectives:    Upon  completion  of  this  topic- 
the  Student  will  be  able  to  install  a  single-phase; 
three-Vire,  120/208  volt  service  for  the  .interior  ' 
wiring  system  in  the  open-framed  building*  Installation 
of  the  s^yice  will  be  done  during  Topic  1*3. 12°  and 
in  accordance  with  the  Job  Sheet  CE  "A"  JS  1.3.12*1, 
"Cubicle  Witing".    Service  entrance  installation  will 
be  100%  correct. 

\        *  '     ;     '       .  • 
Criterion  Test;  \The  student  will  install  a  service 
entrance  <with  associated  equipment  and  devices.  ' 
Installation  will  be  100%  correct. 

\  I  ' 

Homework:    Read  Construction  Electrician,'  chapter  7, 
pages  157  -  160  and  National  Electrical  Code, 
Article  230.      '       s'  \ 
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OUTLINE  OF  INSTRUCTION 
I*    Introduction  to  the  lesson* 
A*    Establish  contact* 1 
.  1*  Name: 
2.    Topic:    Service  Entrances. 
B.    Establish  readiness*  »* 

1.  Purpose. 

r 

2.  Assignment* 
C*  i  Establish  effect* 

1  1.    Value.  ■ 


a.    Pass  course.' 

/ 


.  b.    Perfornfbetter  on  the  job. 

c.  Get  advanced* 

d.  Be  a  better  Construction,  Electrician. 
D.  .Overview: 

4, 

1.    Definitions.  .  . 

,2.    Types  of  services. 
3.    General  requirements. 
4, 


Insulation  and  size  of  service 
conductors ,       v  '  * 


INSTRUCTOR  ACTIVITY 


I .A.    Introduce  self  and  topic* 


CE  "A"  Iu  1.3.7 
STUDENT  ACTIVITY 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented; 


I.D.    State  learning  objectives; 

1.    State  Information  and 
materials  necessary  to  guide 
student. 
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OUTLINE  OP  INSTRUCTION  ' 

•  5.    Service  drops.  • 

6.  Underground  services. 

7.  Service-entrance  conductors. 

8.  Service  equipment. 

9.  Grounding  and  Guarding.' 

.  r 

10.  Practical  application. 

11.  Questions.. 
II •    Presentation . 

A.  Definitions. 

1.  *  Service.       9  # 

2.  Service  cable.  * 

3.  Service  conductors. 
/  A.    Service  drop. 

!     5.    Service  entrance  conductors. 

a.  ,  Overhead  system. 

b.  Underground  system."" 

6.  Service  equipment.  | 

7.  Service  lateral.' 
*  ■» 

8.  Service  raceway. 


INSTRUCTOR  ACTIVITY 


CE  "A"  ;  ..3.7  • 
STUDENT  AuflVITY  . 
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OIL  .iNE  (ST  INSTRUCTION 

B.  Types  of  services* 

1.  Single  phase,  2 -wire. 

2.  Single  phase,  3-vire. 

3.  Three  phase,  4-wire3  * 

4.  Three  phase,  3-vire. 

C.  General  requirements. 

1.  Residential •  • 

2.  Emergency  lighting. 

3.  Multiple-occupancy  buildings! 

4.  Sub-sets  of  service  entrance  conductors. 

■  I 

.  D.    Insulation  and  size  of  service  conductors. 
E.    Service  "drops. 

1 .  Service-drop'  conductors . 

2.  Minimum  size. 

'  3.    Clearances.  - 

4.  Supports  over  buildings. 

5.  Point  of  attachment. 
.  _  „  ileans,  of  attachment. 


INSTRUCTOR  ACTIVITY 


»  4 


CE  "A"  /l^.7 
■STUDENT  Ai/riVITY 


l7o 
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OUTLINE  OF  INSTRUCTION 

.  F,    Underground  services* 

!       ■       *  ,  '  '  i 

1.  Insulation* 

2*    Size.    /  v  1  ; 

0 

]  3.    Protection  against  damage. 
4.    Raceway  seal. 

*  •  r' 

|   '  *    *  I 

.  G.-  > Service-entrance  conductors* 
* 1.    Conductors,  without  Splice. 

2.  Other  conductors  •  in  service  raceway. 

H.  Service  equipment/' 

I.  Grounding  and  Guarding.  . 

III.  Practical  Application.  ,  % 

A,    Shall  be  performed  during-Topic  1.3,12.  • 

IV.  Summary/  .  •  1 

% 

A.  Definitions.  - 

B.  Types  of  service. 

C.  General  requirements.     *  / 

0.  Insulation  and  size  of  service  conductors. 

E.  Service  drops. 


*      .       /  . 
INSTRUCTOR  ACTIVITY  * 


ce  "am  :  1.3.7; 

STUDENT  ACTIVITY 


ERIC 
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\ 

.'  -. 
MB  OF  INSTRlirrrnij 

>  F*    Underground  service, 

ServlceTentrance  conductors 
H.    Service  equipment* • 

Grounding  and  Guarding. 
.1.    practical  application. 
K.    Questions.  s 
Test:"   None.  - 

>  v    ■ .  ■  • 


.\ 


1/1 


CE  "A"  IG  1.3.8 


•  \ 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  <?OURSE  A-721-0018 


.    Classification:  Unclassified 
Topic:    Light  Fixtures 
Average  Time:    2  Periods  (Class) 
Instructional  Materials: 

\ 

A.    Texts:  \ 


isi- 


1.  National  Electrical  Code,  Artiple  410. 
B.  References: 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
within  an  open-framed  building ,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
un±t  wall.    Installations  will  conform  to  the.  completed 
drawings  that  follow  prescribed  code  rulings  and  \ 
calculations  as  outlined  in  the  appropriate  job, 
sheets. 


Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  install  flourescent  and 
1.    American  Electrician's  Handbook,  9th  edition,    incandescent  lighting  fixtures  in  the  open-framed 

r™ft~    r—  —A  M-p  u411  n~  building.    Installation  otf  fixtures  will  be  done  ' 

during  Topic  1.3.12  and  in  accordance  with  the  Job 
sheet  CE  "A"  JS  1.3.12.1,  "Cubicle  Wiring?'.  Fixtures 
will  be  installed  100%  correct.  \ 


Croft,  Carr  and  Watt;  McGraw-Hill  Book  Co. 
New  York,  N.Y. 

\  V  /  - 

C.    Tools,  Equipment  and  Materials:  None 


b.    Training  Aids  and  Devices: 

1.    Locally  Prepared  Material: 

o 

a.    Flourescent  and  Incandescent  Lighting 
Display.  % 

i 

*        b.    Information  sheet. 

U)    CE  "A"  IS  1.3. '8.1,  "Light  Fixtures". 

E.    Training  Aids  Equipment:  None. 

\ 


Criterion  Test:  The  student  will  install  flourescent 
and  incandescent  lighting  fixtures.  Installation  \ 
will  be  100%  correct.  ,  \  " 

Homework:    Read  National  Electrical  Code,  Article  410. 


\ 
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OUTLINE  OF  INSTRUCTION 
I. .  Introduction  to  tht'  lesson. 

A.  Establish  cdntact. 
,1.    Name:-  0  < 
2.    Topic:    Light  Fixtures. 

B.  Establish  readiness. 

' .        t>  .      -  - 

1.  /  Purpose. . 
" 2 ,  Assignment. 

C.  Establish  effect. 
1.    Value.  '  ^ 

»  r  • 

*  *  r 

a.  Pass  course. 

b.  Perfopn  better  on  tlie  job. 
i         c.    Get  advanced. 

d.»    Be  a  better  Construction  Electrician. 

D.  ,  Overview: 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  out  heed  and  value 
of  material  being  presented. 


1.  '  Incandescent  lighting. 

2.  Flour escent  lighting/ 
?.    Fixture  wiring. 

4.  Practical  application. 

5.  Q^estipns. 
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CE  "A"  *  1\3.8 
STUDENT  ACTIVITY 


*  I.D.    State  learning  objectives. 

\        1.    State  information  and 
materials  necessary  to  guide         ^  . 
student.  1  ^ 
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OUTLINE  OF  INSTRUCTION 
II.  PresentatioiU_„ — 


INSTRUCTOR  ACTIVITY 


I 


CE  "A"  IG  1.3.8 
STUDENT^  ACTIVITY 


\ 


:  \ 


A.    Incandescent  lighting. 


1.   .General  rules. 


a.    NEC  410-1, 


2 )   Provisions  for.  fixture  locations,  0 
a.  \NEC  410-4,  Specific  Locations.* 
b\    NEC  410-5,  Near  Combustible  Material. 

#   *  c.    NEC  410^6,  Ovsr  Combustible  Material. 
d\    NEC  410-8,  In  Clothes  Closets./  \ 

3.  .Provisions  at  fixture  outlet  boxe£_,_^* 
canopies  -and  pans.  .  » 

a.    NEC  410-11,  Temperature  Limit  of 
Conductors  afr  Outlet  Boxes. 

4.  Fixture  supports. 

a.    NEC  410-15,  Supports,  General 
*   b.   Wc  410-16,  Means  of  Support. 

5.  Wiring  of  fixtures. 

a.  NEC  410-17,  Fixture  Wiring  -  General. 

b.  NEC  410-19, 'Conductor  InsulatioVi. 


185  •' 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


c.  NEC  410-23,  Protection  of  Conductors 
and  Insulation. 

d.  NEC  410-26,  Fixture  Raceways.  1 

e.  NEC  410-27,  Polarization  of  Fixtures. 

6.  Installation  of  landholders.  * 

a.    NEC  410-41,  Screw-shell  Type.  "  * 

,  b.    NEC  410-43,'  Landholders  In  Damp  or  Wet 
Locations.  i  , 

'  %  '  "         •  ■  - 

7.  *  Lamps.  ( 

.a*    NEC  410-49,  Bases,  Incandescent  Lamps. 
B.    Flourescent  lighting. 

1.  Fixture  mounting. 

I  \ 

a.j  NEC  410-74,  Fixture  Mounting.  » 

^  (1)    Exposed  ballasts.  \ 

(2)    Combustible  low-density  cellulose 
.fiberboard.    1  '  ^  . 

2.  Grounding. 

i'        ■        -  ■  ' 

I  a.    NEC  410-92,  Metallic  Wiring  Systems.  * 

*b.    NEC  410r93,  rjdn-Metallic  Wiring  |S$rstems. 

Ct    NEC  410-95,  Equipment  Near [Grounded 
Surfaces.         *  I 

d.*\  NEC  410-96,  Methods  of  Grounding.   ,  *  * 


CE  "A"  IG  1.3.8. 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 


o  C.    Fixture  wiring  J 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  1.3.8 
STUDENT  ACTIVITY 


ld&  Incandescent  and  flourescent . 

*  * 

v   .  * 

a.    Introduce  information  sheet.  ' 

(1)    CB*"AM  IS  1.3.'8.1,  "Light 
Fixtures". 

t 

III.    Practical  application.  1 

A.    Installation  of  lighting  fixtures  will  be 

executed  daring  the  cubicle  wiring  practical 
•     in  accordance  with  CE  "A11  JS.  1.3 .12.1 1* 
"Cubicle  Wiring11. 


1 


Il.C.l.a.  Pass. out  information 
sheet  CE  "A"  IS  1.3.8.1,  "Light 
Fixtures11. 


IV 


Summary, 


A.  ^  Incandescent  lighting. 

B.  \  Flourescent  lighting. 

C.  (Fixture  wiring. 

D.  'Practical  application. 

E.  Questions. 

'I'  • 

Test:    None.  * 


X  ^>  *J 
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CE  "4"  IG  *.3.9 


'Classifications  Unclassified 

Topic:    Temporary  Wiring 

/ 

Average  Time:    1  Period  (ClaesJ j  5. Periods  (Pract) 

1  /' 

Instructional  Materials:      ,  \ 

/  ... 

A*    Texts:  \ 

/  1  4  i 

■(    •  i 

/  National  Electrical  Code,  Articles  210  and 
305. 


1l 


B*.    References:    None.  , 

C.    Tools,  Equipment  and 'Materials x\ 

1.1  Electrician's  tool  kit. 

2 J   Digging  tools. 

3.    Temporary  power  pole  assembly  -  50  amp. 

■••  ,  I-  • 

4.1  .Temporary  power  panel  and  cord  assembly  - 
|   5(£  amp, 

5.;  5*?foot  step  ladder.  %  ■ 

,6. |  20  foot  extension  ladder.       '  , 

|     ■  •  ■     -  / 

7.    1/2M  rigid  steel  conduit. 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
within  an  open-framed  building  and  a  reinforced  * 
concrete  slab  area  with  surrounding  concrete  masonry 
unit  wall.    Installations  will* conform  to  the 
\    completed  drawings  that  follow'  prescribed  code  rulings 
'    and  calculations  as  outlined  in  the  appropriate 

job  sheets. •  ( 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  install  a  pole-mounted 
"  temporary  wiring  system  required  for  new  construction. 
Installation  will  conform  to  the  drawings  and  procedures 
outlined  in  the  job  sheet  CE  "A"  JS  1.3.9.1, 
'     "Temporary  Wiring".  '  Installation  will  be  100% 
correct.  • 

Criterion  Test:    The  student  will  install  a  temporary 
wiring  'system  in  accordance  with  drawings  and  pro- 
cedures outlined  in  the  job  sheet  CE  "A"  JS  1.3.9.1, 
"Temporary  Wiring".    Installation  will  be  100% 
correct.  ' 


V, 


Homework:  Read  National. Electrical  Code,  Articles 
210  and  305./ 
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8*    Grounding  conductor,  #8  AWG  bare  copper* 
9*    8  foot  x  5/8"  copper-weld  ground  rod* 
Trailing  Aids  and  Devices: 
I.  -  Locally  Prepared  Material. 

^a*    Job  sheet.  -s  / 

,   ^(1)    CE  "A!'  JS ,  1 . 3 . 9 . 1  ,  Temporary  Wiring" . 
Training  Aids  Equipment:  Sone. 
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OUTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson* 

A.  Establish  contact. 
1;  Namfc: 

2.    Topic:    Temporary  Wiring. 

B.  Establish  readiness* 
!• -  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1/  Value* 

a.  Pass  course.  *  1 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  batter  Construction  Electrician. 

D.  .  Overview: 

1.  Temporary  wiring. 

2.  Introduce  job  sheet. 

3.  Steps  of  procedure. 
,4.    Practical  performance. 

i 

5*  Questions. 


at 


INSTRUCTOR  ACTIVITY 


CE  "A1 
STUDENT 


ACTIVITY 


I* A*    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I«C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D;    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 


ERLC 
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OUTLPTE  OF  INSTRUCTION 
II •    Presentation . 

A.    Temporary  wiring. 

1.  General  requirements. 

a.  Services.  * 

b.  .Feeders. 

c.  Branch  circuits. 

d.  Receptacles. 

e.  Earth  returns. 
£»'  Disconnecting  means. 

2.  Ground  fault  protection. 

a.  Grounding-type  receptacles  and- 
.  _  protection. 

3.  Types. 

a.  Temporary  power  pole  assembly. 
.  (J).    50  amp  capacity. 

b.  Temporary  power  panel  and  cord  " 
assembly.  ■ 

(1)    50  amp  capacity. 
A.    Temporary  service  requirements. 
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CE  "A"  ^..3.9 
INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


II. A. 2.  Stress  the  need  for 
NEC  Articles  210-7  and  305.  . 


II«A.3.a.    Describe  the  panels 
with  their  receptacles  and 
circuit  protection. 


x  > 
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OUTLINE  OF  INSTRUCTION 


a.  Clearance  above  ground  service  drop 
. »    "minima  clearances" . 

(1)  At,  center  of  street  18 9 

(2)  At  curb  line    ........  .16 • 

(3)  Over  residential  driveway  .  .12  r 

b.  .  Normal  height  of  pole.  0 

(1)    25 1  -  6"  x  6". 

c.  Conduit  and  fittings. 

(1)  Minimum  conduit  size  -  3/4". 

(2)  Galvanized  rigid  steel  or 
aluminum  conduit,  electrical 
metallic  tubing  or  polyvinyl 
chloride  schedule  80  plastic 
conduit  without  protective 
covering*    Metal  conduit 
shall  be  covered  with  wood 
moulding  or  fiber  conduit. 

(3)  Conduit  fittings  shall  be, 
raintight. 

t 

♦  (4)  Wire  with  .rubber  or  equivalent 
insulation  shall  be  not  less  ■ 
than  No.  8  AWG. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  1.3.9 
STUDENT  ACTIVITY 


II.A.4.b.    A  longer  pole  shall 
be  used  where  normal  height 
pole  will  not  provide  required 
clearance. 


200 
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OUTLINE. OE  INSTRUCTION 

(5)    Receptacles  shall 'be  of  proper 
racing  for  the  load  to  be 
served 9  for  portable' tools  - 
3-pole  type*    For  jungle  phase 
and  three  phase  motors,-  4 -pole  * 
type.    Where  more  than; one 
^    ?  voltage  is  used,  receptacles 
.  shall  not  be  Interchangeable.  * \ 
>  • 
d.    Grounding.  *  - 

> 

(1)  Armored  ground  wire  no.  8  inin.,. 
.ground  wire. 

(2)  Approved- grounding  clamp  and 
fittings  oust  be 'accessible/ 

 ;   l  i_  .  _  Condui t  jnust .extend-to  ground—- 

rod  to  protect  ground  wire  from 
"mechanical  injury. 

Introduce  job  sheet* 

1.    CE  MA"  J5  1 .3-9.1,  "Temporary  Wiring". 
Steps  of  procedure. 

1.    Install  temporary  power  pole  assembly. 

a.  Location  of  pole  shall  be  18 • 
north  of  northwest  corner  of  the 
"conduit~wiring-in*-slab  area11 
building.  .  ; 

b.  Use  appropriate  digging  tools  and 
dig  a  12".  diameter  by  5*  minimum 

 deep-hole  with  a  sloping  trench 

to  th£  hole  approximately  6* 
long  by.  10"  vJide. 


ERLC 


B. 


C. 


INSTRUCTOR  ACTIVITY 


<JE  "A"  IG  1.3.9 
STUDENT  ACTIVITY 


II.C.l.    on  chalkboard. 

&'  \ 

I 

1 
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^1 


ll.C.l.b.    Student  will 
draw  digging* tools: 
shovel  (D-handle*), 
tamping  bar,  long 
handle  shovel,  and 
scoop  shovel. 


20 
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OUTUriK  Of  INSTRUCTION  >  .        V  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


U»e«2M-  x  10"  x  8'  butt  board,  in  \' 
the  hole..  -: 


d.    With  the  pre-asseabled  pole  but tad  %  *       .  *  u 

up -against  the  butt  board,  In  the  -  *  . 

sloping  trench,  two  sen  on  each 

side  of  the  pole  will  raise  and  *  *y 

'set  the  assembly  into  the  hole. 

-  Four- men, -each  positioned.^0  apart     *  aJ 
around  the  pole,  will  .support  the 

pole  in  a  vertical  position  with  ' 
.pike  poles.  « 

C.    One  shoveler  and  one  tamper; 

replace  all  the  dirt  back  in  the 
hole  around  the  pole. 

2.    Install  grounding  system.  -  — ^ 

»-  *      •  *  ■  • 

a.  Select  an  8f  x  5/811  copper,  weld  "  ' 

ground  rod  and  position  it  appro x-    -  v 
imately  12M  to  the  right  side  of  ^ 

*  the  pole  while  facing  the  panel.  .*    -  . 

b.  Use  a  5  foot  step  ladder  for  required       <         '  * 
height  when  hammering  ground  rod  *  ^ 

-into  the  ground.  *     1  . 

c.  Select  the  pre-forraed  1/2"  ri|id  \ 

•  steel  conduit  witl\  threaded  ends  . 
and  one  90°  bend. 

d.  .    Install  ground  clamp  assembly  on  4  •  «. 

the  90° 'end.  *  .  c 

e.  Secure  straight  end  to  knockout  t  ' *  S 

«•  in-  paneX  with  double-locknut  "and  *  • 

bushing.    .     /  :  .  •         #|  20  1 
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OUTLIMK  OF  INSTRUCTION 

£•    Secure  ground  clamp  to  ground  rod. 

'  g.    Install  #8  AWG  bare  copper  conductor 

and  connect  to  neutral  bar  In  the 
panel  and  to  ground  clamp. 


INSTRUCTOR  ACTIVITY 


CE  "A"  1.  ^3.9 
STUDENT  ACTIVITY 


___ill_Sec«e^^^ 

~~      ~ rigid  steel  conduit  r.traps.  (Use 
wood  screws.) 

•3.    Connect  service  drop  to  building  120. 

?•    Position  20  foot  extension  ladder 
against  rear  of  building. 


b. 


c. 


Secure  the  3  #8  insulated  conductors 
(from  the  temporary  power  pole) 
to  the  insulator  rack  attached  to 
the  building. 

Ensure  that  the  service  power 
is  "OFF"  before  making  the  3 
connections • 


4.  -  Test  circuits 

a.  Connect  extension  cord  with 
required  twist-lock,  3  prong  plug 

,  ^    and  check  cord  assembly  outlet  with 
Ck.Wiggxn's  voltage  tester. 

b.  Using  a  40  watt  lightbulb  and  tefct 
socket,  connect  one  lead  to  hot 

1  *    terminal*  of  receptacle.    Touch  other 
lead  of  test  light  to  ground. 


II.C,3.a.    Ensure  that  ladder 
is  positioned  at  the  proper 
angle  before  student  ascends. 


II.C.4.b.    Circuit  breaker  (ground 
fault  circuit  interrupter)  will 
trip  immediately  to  indicate 
proper  operation  of  mechanism. 
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1    LINE  OF  INSTRUCTION 


III.    Practical  performance.  _ 

A.    The  student  will  dig  a  hole  and  set  a 
S3TE  T  *°le  U8ln8  aPP"prlate 
'      £l!J^<TiVTt'    to8tallatlon  and 

JS  1.3i9.1,  "Temporary  Wiring". 


IV.  .  Summary. . 

A.  Temporary  wiring. 

B.  Introduce  .job  sheet. 

C.  Steps  of  procedure. 
 D/r  Practical  performance. 

E.  Questions. 
V.    Test:  None. 


INSTRUCTOR  ACTIVITY 

EVALUATION:    Depth 'of  pole 
In  ground,  vertical  positioning, 
Installation  of  grounding 
system,  connections  at  panel 
and  building  120,  and  testing 
Proce<|ures  shall  be  1002 
correct. 


.CE  "A  .6  1.3.9 
STUDENT  ACTIVITY 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721>0018 


Classification:  Unclassified 
Topic;    Hind  Tools  and  Test  Equipment 
Average  Time:    2  Periods  (Class),  3  Periods  (Pract) 
Instructional  Materials: 

A.  Texts:  , 

1*    Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  4.  

I.'  Tools  and  Their  Uses,  NAVPERS  10085-B.  » 

B.  References:  None. 

C.  „-  Tocls^  Equipment  -and  Materials:       — ~  

1.  Electrician's  tool  kit. 

2.  Antaeter. 
3^  Voltmeter. 

4.    Multimeter  (Simpson  260).. 
"     5  .    Clamp-on  -  Vol  t-amme  ter  ♦ 

6      ATfr;~power-ciTcuitr~analyzer~  — -  . 

7.  Phase-sequence  meter. 

8.  Voltage  tester  (Wiggins). 


I 

Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  insteU-and  test  electrical joaterial  and  equipment 
within  an  open-framed  building  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
•  unit  wall.    Installations  will  .conform  to  the 
completed  drawings  that  follow  prescribed  code  rulings 
and  calculations  as  outlined  in  the  appropriate 
job  sheets.  *  / 

Enabling  Objectives?    Upon  completion  of  this  topic 
the  student  will  be  able  to  use  handtools  and  test 
equipment  required  to  install  and  test  electrical 
equipment.    Steps  of  procedure  will  be  conducted 
at  an  assigned  test  bencH  in  ^ocardance  with  job— 
sheet  CE^A"  JS  1.3.10.1,  'Handtools  and  Test 
Equipment".    Use  of  handtools  and  testing  will  be 
executed  100%  correct.  * 

Criterion  Test:    The  student  will  use  tools  and  test 
equipment  to  install  and  check  circuits  for  grounds, 
shorts,  continuity,  volts  and  amps.  Testing 
procedures  will  be  100%  correct. 

Homework:    Read  Construction  Electrician  3  6  2/ 
chapter  4,  pages  *i  -  59.  * 
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CE  "A"  IG  1.3.10 


9.    Hon-aetallic-sheathed  cable. 
10.    Electrical  metallic  tubing. 
,11.    Boxes,  fittings  and  devices. 
12 .    Assorted  space  heaters 

D.  Training  Aids  and  Devices: 

1.    Locally  Prepared  Material: 
a.    Job  sheet. 

(1)    CE  "A"  JS  1.3.10.1,  "Handtools  and 
Test  Equipment". 

E.  Training  Aids  Equipment:  None. 


ERIC 
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OUTLINE  OF  INSTRUCTION 
X*    Introduction  to  the  lesson* 
A*    Establish  contact. 
J .  Nafce: 

2.    Topic:    Handtbols  and  Test  Equipment 

B.  Establish  readiness.  t* 
1.    Purpose*  * 

2 ♦    Assignment ♦ 

C.  Establish  effect* 
1.  Value.' 

a.    Pass  course* 
^         b».  Perform  better  on  the  job.  _  

c.  "<tet  advanced..  ~  w  - — 

d.  Be  a  better  Construction  Electrician. 

D.  Overview: 

1.  m   Electrician's  tool)  kit. 

2.  Ammeter. 

3.  Voltmeter. 
4 _  Mult imetcr  (Simpso  i 
5.    Clamp-on  volt-anmecer. 


INSTRUCTOR  ACTIVITY 


CE  "A"  lu  1.3.10 
STUDENT  ACTIVITY 


I#A.    Introduce  self  and  topic. 


I.BJ    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


T«D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student . 


OUTLIHI  OF  INSTRUCTION 

'6.    A.C.  power-circuit  analyzer, 
7.    Phase-sequence  meter T  * 
*    8     Voltage  tester  (Wiggins). 

9.  ,  Common  power  tools* 

♦ 

10*    Practical  application* 
11.    Questions.  / 
II.  Presentation. 

A.    Ameter.  ' 
1.  Description. 

i 

a.    Internal  components. 


INSTRUCTOR  ACTIVITY 
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CE  rtA"  IC  U  .10 
STUDENT  ACTIVITY 


b.  Dial. 

2.  Use. 

3.  Safety  precautions. 
B.  Voltmeter. 

A  *  -  - 

1.  Description. 

«♦    Internal  components. 
.  b.  Dial. 

2.  Use. 

)♦    Safety  precautions* 


OUTLINE  OF  INSTRUCTION 

C.    Multimeter  (Simpson  260). 

I.    Description. " 
.  r -  .       a.    Ammeter,  (mill lamps) . 

h.    Voltmeter,  (A.C.  or  D.C.). 

c.  Ohmneter. 

d.  Dial. 

2\    Uses.      -  "  *'*  % 

t 

%    B-   3*    Safety  precautions.- 


-a? — Wrn^_ttajL,Q!LJ>nterior  wiring 


^ystciliis  to  check  curt8nTr;~ 
D.    Clamp-on  volt-ammeter. 

1.  Description* 

2.  Uses.  «  • 

3.  Safety  -precautions. 
\  E.    A.C.  pcwfcr-circuit  analyze!?. 

•  i 

1.  Description, 
\   2*  ^ses^dir^clLjny^  ^ 

*.  a.    Single-phase,  2  wire  circuit. 
bl    Three-phase,  3  wire  circuit. 


j 

INSTRUCTOR  ACTIVITY^ 


CE  "A"  IC  1.3.10 
STUDENT  ACTIVITY 


v: 


7I.E.1.    Construction  Electrician 
3  &  2,  NAVPERS  10636-6,  pages 
45  -  51. 


(5  of  10) 


21 3 


0PTUM1  OF  INSTRUCTION  -« 

3.*  Safety  precautions. 
'F;    Phase-sequence  meter/ 
J        I.  Description* 

2.  Use.  "  « 

3,  Hook-up  procedures* 
C*    Voltage  fester  (Wiggins). 

«*  .    l.s  Description* 
2;  Use, 

3.  Testing  procedures.  i 
4f.    Safety,  precautions. 

H.  tooroon  hand tools, 

»"*  - 

1.  Safety  rules,         '  * 

r-  .  »  • 

2.  Electrician's  tool*  box.. 

I.  Conmion**power  tools. 

1.  Safety  rules. 

2.  Grounding  requirements. 

3.  Electric  drill. 

4.  Drill  press. 

■  i 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  i<3.10 
STUDENT  ACTIVITY 


II.F.l.    Construction  Electrician 
3  &  2,-NAVPERS  10636-G,  pages 
57  -  58.  - 


II.G.l.  .Construction  Electrician' 
3  &  2,  NAVPERS  10636-G,  pages. 

52  -  53.  •  <  ♦ . 


(6  of  10) 


220 


OUTLINE  OF  INSTRUCTION 

5*    Beach  grinder • 

6.    Disc  sender  -  special  safety  precautions. 

J.    Introduce  job  sheet.  p  . 

■    1.    CE  "A"  JS  1.3.J.0.1,  "Handtools  and  Test 
Equipment" ♦ 

X,  "Steps^of  procedure* 

1.    Test*  an  interior  wiring  system  f or 
continuity  using * the  voltage  tester 
^Wiggins). 

a.  Ha in  disconnect  -  with  the  breaker  in 
^the  OFF  position,  place  the  test 

leads  on  the  incoming  line  leads  L± 
and  L2.    Voltage  reading  shall  be 
approximately  220  volts. 

b.  Place  the  main  disconnect  and  all 
circuit  disconnects  into  the  ON 
position.    IF  any  circuit  disconnect 
trips  to  the  tripped  position,  make 
note  of  the  circuit*  for  further 
testing. 

c.  Check  the  remaining  circuits  for 
continuity  by  using  the  following 
procedures:  v 

(1)    IJtthting  circuit  -  Check  hot 
lead  to  ground  at  lighting 
fixture  (115  V.).    Turn  wall  _ 
switch  ON  and  check  voltage 
to  gftmnd  on  both  terminals 
of  switch:   Should  indicate 
•    "  115V.       .  , 


I3i 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  1.3.10 
STUDENT  ACTIVITY 


U.K. I.e.    If  lighting  circuit 
feed  goes  to  the  lighting 
fixture  first,  then  start  at 
the  fixture. 


ERIC 
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OUTLINE  OF  INSTRUCTION 


f 


(2)    Receptacle  circuit  -  at  each 
outlet  check  between  each 
contact  point  and  ground, 
%  115V  should  be  read  between-  the 
smaller  of  the  two  parallel 
slots  and  ground. 

2.    Locate  a  ground  in  the  circuit  (with 
the  tripped  breaker)  using  an  ohmneter. 

a.  Ensure  that  all  circuit  breakers 
are  OFF,  including  the  main. 

* 

b.  Disconnect  circuit  from  panel 
,by  removing  circuit  breaker 

with  conductor  attached.  . 

c.  Remove  circuit  neutral  conductor 
from  neutral. bar. 

ci.    Place  test  leads  on.  the  neutral* 
,  conductor  and  ground.    If  a  zero, 
reading  is  obtained/  the  neutral 
is  grounded  somewhere  In  the  circuit. 

e.  Open  circuit  at  the  half-way 
junction  box  and  determine 
which  section  is  grounded. 

f .  Continue  process  of  elimination 
until  grounded  conductor  is  • 
located. 


INSTRUCTOR  ACTIVITY 

I I.K.l.c. (2)  Stress: 
The  smaller .of  the  two  parallel 
slots  in  the£ receptacle  is  the 
hot  terminal. 


II\K.2.  Stress;  Definition  of 
the  following: 

—  a*    Short  ~  Two  wires  in. a 
cable  or  conduit  making  direct., 
contact  with  each  other 

•  b.    Ground  -  A  conductor 
making  direct  contact  with 
metallic  junction  boxes  or, 
raceways. 


II.K.2.d.    On  a  lighting  circuit, 
ensure  that  all  light  switches 
are  In  the  ON  position  and  all 
light  bulbs  taken  out  of  their 

sockets!  v 


II.K.2.f.    At  all  points  of 
testing,  use  test  leads  between 
the  neutral  or  circuit  conductor 
(whichever  is  grounded)  and  any 
metal  portion  of  the  circuit. 


/3* 

CE  "A"  IG  1.3.10 
STUDENT  ACTIVITY 
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3.    Locate  a  short  in  a  second  circuit 


(with  a  tripped  breaker)  using 
character . 


a.  Ensure  that  all  circuit  breakers 
are  OFF,  including  the  main. 

b.  Disconnect  .circuit  from  panel  by 
removing  circuit  breaker  with 
conductor  attached, 

c.  Remove  circuit  neutral  conductor 
from  neutral  bar, 

r 

d.  Place  test  leads  on  neutral 
conductor  and  the  lead  connected 
to  the  circuit  breaker.    Meter  ' 

•  will  read  ZERO  if  a  short  exists. 

e.  Open  circuit  at  the  half-way 
efii    junction  box  and  determine 
"*"'  which 'section  is  shorted. 

A.    Repair  grounded  and  shorted  circuits. 

a.  Correct  the  grounded  and  the 

*•     v     ■  shorted  condition  In  each  circuit 
with  several  wraps  of  electrical 
;  *     tape.  *-  . 

b.  Energize  circuits  by  placing  the 
main  breaker  and  lighting  and 
receptacle  circuit  breakers  in 
the  ON  position. 


4J*+\J  c.    Test  all  circuits  for  normal 

operation'. 


INSTRUCTOR  ACTIVITY 


CE  "A*1  IG  -.3.10 
STUDENT  ACTIVITY 


II.K«3.d.  Ensure  that  all 
light  bulbs  are  removed., 


U.K. 4. a.  Test  procedures 
and  cable  repairs  shall  be 
executed  100%  correctly. 
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OOTtIMB  OF  INSTRUCTION 
III  •   Application.    '  r;; 

A.  Practical  performance,  < 

^  1*.   The  student --will  perform  various  tests  on 
circuits,  using  the  voltage  tester  - 
(Wiggins)  and  the  ohnanetet.    All  tests 
will  be  done  in  accordance  with  job 
sheet  CE  ,fAn  JS  rvj.10.1;  "Handtools  and 
Test  Equipment". 

IV.  Summary.  T 

X 

.A.  Aneter. 

B.  Voltmeter.0  x 

C.  Multimeter  (Simpson  260). 

D.  Clamp-on  volt-meter.  "  * 

E.  A.C.  power-circuit  analyzer.  * 

F.  Phase-sequence  meter.  ' 

G.  Voltage  tester  (Wiggins). 

H.  Common  hand tools. 

I. -  .  Common  power  tools. 
J.    Job  sheet. 

K.  Questions. 

L.    Practical  performance. 

V.  Test:  None. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  1.3.10 

student  Activity 


i 

<**5J 

f 


£28 


(10  10) 


CONSTRUCTION  ELECTRICIAN 
Classification:    Unclassified  ' 
Topic:.  Motors,  Motor  Controllers  and  Circuits 
Average  Tine:    6  Periods  (Class) 
Inst cue tional  Materials: 

A.  Texts:  c 

1.  Construction  Electrician  3  *  2,  NAVPERS 
10636-C. 

2.  National-Electrical  Code,  Article  430. 

3.  Allen-Bradley  Manual,  "Wiring  Diagrams  for 
rull-Voltage  Starting  Switches" v 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials: 

1.  Electrician's  tool  kit. 

2.  Motor. 

3.  Motor  Controller.  f 

4.  Push  button  stop-start  station. 

5.  Electrical  metallic  tubing. 

6.  #12  AUG  insulated  copper  conductor. 

7.  Flexible  conduit.  — 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 

A"  "SCHOOL  TRAINING  COURSE  A-721-0018 


terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  use  electrician's  tools 
to  install  and  test  electrical  material  and  equipment 
within  an  open-framed  building, .and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
unit  wall.    Installations  will  Conform  to  the 
completed  drawings  that  follow'  prescribed  code  rulings 
and  calculations  as  outlined  in  the  appropriate 
job  sheets* 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  install  a  motor,  motor 
controller  and  associated  circuits  within  the  open- 
.framed  building*    Installation  will  take  pl&ce 
during  Topic  1.3.12  and  in  accordance  with  the  job 
sheet  CE  HAH  JS  1.3.12.1,  "Cubicle  Wiring".  Equipment 
will  be  installed  100%  correct. 

Criterion  Test:    The  student  will  install  tt  motor 
and  motor  controller  with  a  push  button .stop-start 
slat ion.    Installation  will  be  without  error  and 
in  accordance  with  job  sheet  CE  "A"  JS  1.3.12.1, 
"Cubicle  Wiring". 

Homework:    Read  National  Electrical  Code,  Article  430. 


Training  Aids  and  Devices: 

1.  Films: 

a.  OE-386,  ''Split-Phase  Motor  Principles" 
.  (20  »in.). 

b.  TF-6180,  "*fotor  Control  Systems*1 
(16  min.). 

c.  TF-5660,  "Motor  Connections  in  Three  Phase 
'   and  Single  Phase  Induction  Motors", 

(20  min.). 

2.  Locally -Prepared  Materials: 

a.  Cutaway  of  single  phase  A.C.  motor. 

b.  Disassembled  three  phase  motor.. 

c.  Motor  controller  display. 

d.  4nf ormation^h^et  s . 

-  (lh-CE  "A"  IS  1.3.11.1,  "Single  Phase 
Motors". 

(2)  r.E  "A"  IS  1.3. .11. 2,  "Three  Phaso 
Motors11". 

(3)  CE  "A"  IS  1.3.11.3,  "Motor  Control". 
Training  Aids  Equipment: 

1.    16mm  movie  projector. 

,  .  (2  of 
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INSTRUCTOR  ACTIVITY 


(6)    Three  methods  of  speed  control  -   II. A. 1. a. (6)    Draw  on 
"  resistance,  centrifugal  device,     chalkboard       '  ' 
tapped  field. 

RESISTANCE 

-  -5r 


B.    Single-phase  induction  motors. 
L.    Types  and  characteristics. 
at    Shaded  pole. 


(1)    Statpr-wound  coils  and  solid 
shading  coils. 


Si     ...  Sa 


CENTRIFUGAL  DEVICE 


.  ...  nrvyi 

c 

8 

-  f 


tl.B.l.a.(l)    Shadlngcoil  -  is 
starting  winding,  wound,  coils 
are  running  windings.  ^ 


CE  MAM  K  .3.11 
STUDENT  ACTIVITY 
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INSTRUCTOR  ACTIVITY 


Ho 


CE  f,Atf  K  13.1.1 
STUDENT  ACTIVITY 


(2)  Rotor-squirrel  cage. 

(3)  Reversing  -  not  normally  done 

.  due  , to  amount  of  work  required 
v    to  reposition  shading  coils. 

b.    Straight-split  phase.  ' 


(1)  Stator  —  slotted  for  starting 
and  running  windings. 

(2)  Rotor  squirrel  cage. 

(3)  Centrifugal  switch  -  discon- 
nects starting  winding  from 

~  , circuit. 


II.B.l.b.(l)  .  Display  straight 
split-phase  stator. 


II.B.l.b.(3)    Draw  on  chalk- 
board and  show  LO  and  HI- 
voltage  connections. 


Dual  voltage  -  2,  running 
windings. 


Single  voltage  -  1  running 
winding  - 


c,  .  c2 

LOW  VOLTAGE  HOOKUP 


ERJC 
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C:     Ci  Si 


S2 


HICH  VOLTAGE  HOOKUP 


OOC\ 
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(4)  Reversing  -  Reverse  current 
flow  through  either  starting 
or  running  winding,  but  not 
both. 

(5)  Used  on  oil  burners,  washing 
machines,  pumps  and  bench 
grindets* 

c.    Capacitor-start  split-phase  motor, 

(1)    Same  as  straight  split-phase 
with  capacitor  added  for 
starting  under  full  load* 


(2)    Connections  -  LO  and  HI  voltage . 


INSTRUCTOR  ACTIVITY 

II.B.l.b.(4)    Show  on  chalk- 
board -  on  II.B.l.b.(3) 
drawing*  -  < 


II.B.l^c. (1)    Define  examples 
of  no-load  and  full-load 
starting:  -w- 

No-load :    Bench  grinder. 
Full  load:  -  Compressor. 


Draw  on  chalkboard. 
II.B.l.c.(2)    Low  Voltage:  , 


Ui  High  Voltage: 


— tfEWOTX"  1  £ — 1-4 

S,    .   Si.     Iv  Cj 


I  Cl 
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(3)  Used  In  refrigerators, 
compressors,  buffers  and  floor 
sanders. 

d.    Film:    OE-386,  "Split-phase  MoTor 
Principles'^ 

C.    Three-phase  motors. 

1.    Types  and  characteristics. 

a.    Single  voltage  motor.  « 

(1)  Stator  -  slotted  for  windings, 
three  individual  phases 
identified  ~  A,  B,  C. 

(2)  Rotor  -  squirrel  cage. 

'(3)    Reversing  -  Reverse  any-  two 
(2)  line  leads. 

(4)  Connections  -  only  three  leads 
are  "brought-out"  to  connect 
motor  to  L\9  L2  and  1,3^ 


INSTRUCTOR  ACTIVITY 


CE  "A"  It.  x.3.11 
STUDENT  ACTIVITY 


Ii;B.l.d.  Discuss  highlights 
•of  film. 


Il.C.l.a.  Display  disassembled 
three-phase  motor. 


■ERIC 
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(5)    Three-phase  single-voltage 
schematics. 


INSTRUCTOR  ACTIVITY 

II,C.l.a.(5)  Draw  on 
chalkboard. 


b.    Dual  voltage. 

(1)  Same  as  a  single-voltage 
motor  except  each- phase  is 
split  ,and  nine  leads  are 
brought  out  for  high  or 
low  voltage  connections. 

(2)  Schematics. 


(a)    Wye  low-voltage  connections. 


II.C.l.b.(2)  draw  on 
chalkboard. 

Wye  low-voltage  * 


CE  "A11  IG  x.3.11 
STUDENT  ACTIVITY 

Il.C.l.a.(S)  Complete 
connections  on  infor- 
mation sheet  CE  MA"  , 
IS  1.3.11. 29  "Three- 
Phase  Motors11. 


II.C.l.b.(2)  Complete 
on  information  sheet, 
-CE  "AM  IS  1.3.11.2, 
"Three-Phase  Motors". 
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(b)    Wye  high  voltage 
connections* 


(c)    Low-voltage  delta 
connections* 


\ 
\ 


CE  "A"  IG  J3.ll 
INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY  . 


As  seen  on  naneplate 


Vye  hijh  voltage 
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OUTLINE  OF  INSTRUCTION 

(d)    High  voltage  delta 
connections* 


*3.    Testing  for  wye  or  delta, 

%      a,    Ohaneter  -  Rx  100  scale, ' 

>  *" 

a*  » 

b.    Both  type  motors  -  9  leads  are 
brought  out,  . 


c.  Uses, 

(1)    Machine  lathes, 
*     (2)  Elevators. 
(3)  Hoists. 


J,  K 


INSTRUCTOR  ACTIVITY 


CE  "A"  W  .3.11 
STUDENT  ACTIVITY 


a. 


b. 


•s 

•4 

Y- TYPE 

TCST  Point* 

•9 

•6 

•  7 

"4 -'7 

•  3 

•  2 

•  I 

.  (INFINITY) 

«|6 

•S  » 

•4 

ZS.-TYPE 

TEST  PCJHT* 

•e 

•7 

s» -7 

•3 

•2 

•l 

6-8 

(ZERO) 
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INSTRUCTOR  ACTIVITY 


CE  "A"  IG  1.3.11 
STUDENT  ACTIVITY 


Motor  control  systems* 

1*    Motor  branch  circuit  protection, 

a.    Fuse  or  circuit  breaker  -  to 
protect  conductors  for  grounds 
and  shorts* 

*b.    Disconnect  must  be  horsepower  rated, 

(1)  A  general  service  fused  dis- 
connect is  hot  designed  for 
possible  locked  rotor  currents* 

<f  * 

(2)  Shall  be  in  sight  from  controller, 

c.    Film:    TF-6180,  "Motor  Control 
Systems11, 

2.    Motor  controller. 


I I.D.I.    Display  training  aid 
conductor  protectoin  .portion 
of  motor  branch  circuit* 


of 


II. D. I.e.  Discuss  highlights 
of  film. 

II. D. 2.  Display  training  aid 
of  motor  controllers. 


a.  Definition:    A  device  that 
operates  and  opens  the  circuit 
due  to  excessive  'motor  overload, 

b.  Components. 

(1)  Operating  coil. 

(2)  Main i  contacts.  * 

(3)  Auxiliary  contacts.  1 

(4)  Thermal  coils. 

(5)  Holding  coil  contact.^ 


II.D.2.b.(4)  Explain  where 
and  why  3  thermal  overloads 
are  required. 


II. D. I.e.  Participate 
in  discussion. 

II, D, 2.  Complete 
connections  on  infor- 
mation sheet  CE  "AM 
-ISJ^3.11.3t  "Motor 
Control".  * 


OA  -1 
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c.  Operation. 

I  (1)    Operation  sequence* 

3.    Push-button  control  stations. 

a.  Stop-start. 

b.  S  tar t- j  og-s top • 

;  » 

c  •    Hand-o  f  f  -au  to  . 

d .  Forward-rever se-s  top . 

e.  Fast-slow-stop. 

1        A.    Film:    TF-5&0,  "Motor  Controllers 
in  Three-Phase  and.  Single-Phase 
Induction  Motors1'. 

III.    Application.  J 

A.  Practical  performance. 

1.    The  student  will  perform  the  installation 
?  or  a  motor,  motor  controller  and  push 

button  station /during  topic  1.3.12,  in 
accordance  with  job  sheet  CE  "A"  .TS 
i. 3. 12.1,  "Cubicle  Wiring11. 

IV J  Sunwary. 

;  A.*  Sir.gle-Phase  Motors. 

B.  Single-Phase  Induction  Motors. 


INSTRUCTOR  ACTIVITY 


II.D.2.c.(l)    Follow  training 
diagram  depicting  both  motor 
and  control  circuits. 

NOTE:    Provide  each  student 
with  the  Allen-Bradley  Manual 
for  full-voltage  starting 
switches* 


CE  "A11  IC  .3.11 
STUDENT  AtriVITY 


II.D.4.  Show  film  and  discuss 
practical  application  in  Topic 
1.3.12. 


II.D.4.  Participat 
in  discussion. 
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C.  Three-Phase  Ho tors. 

D.  Motor  Control  Systems 

E.  Job  sheet. 
¥.  Questions. 

V.  ,fest:  None. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:  Unclassified 
Topic:    Cubicle  Wiring 

Average  Time:  1  Period  (Class),  26  Periods  (Pract) 
Instructional  Materials: 

A.  Texts: 

i 

1.  Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  7. 

2.  National  Electrical  Code,  Article  300. 

B.  References:  None. 

(;.    Tools,  Equipment  and  Materials: 

1.  Electrician's  tool  kit. 

2.  Hand  and  ratchet  bender. 

3.  Motor. 

.  A .    Motor  controller*. 

5.  Push  button  ^to|-;tart  button.  ^ 

6.  Circuit  breaker  panel. 

«>  ... 

7.  Lighting  fixtures. 
,  8.  Boxes. 


Terminal  Objective:  '  Upon  completion  of  this  unit  the 
student  will  be  able  to  use  electrician's  tools  to 
Install  and  test  electrical  material  and  equipment 
within  an  open-framed  building  and  a  reinforced  concrete 
slab,  area  with  surrounding  concrete  masonry; unit  wail. 
Installations  will  conform  to  the  completed  drawings 
that  follow  prescribed  code  rulings  and  calculations 
as  outlined  in  the  appropriate  job  sheets. 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  use  electrician's  tools 
and  Install  boxes,  fittings,  motor,  motor  controller,  •* 
push-button  station,  circuit  breaker  panel,  rigid  steel 
conduit,  electrical  metallic  tubing,  flexible  metallic 
conduit,  Insulated  conductors 'and  non-metallic  sheathed 
cable.    Installation  will  be  within  the  open-framed 
building  in  accordance  with  the%  job  sheet  CE  "A"  JS 
1.3.12.1,  VCubicle  Wiring",  and  will  be  100%  correct. 

Criterion  Test:    The  student  will  wire  an  open-  • 
framed  building  using  electrician's  tools  and  electrical 
construction  material..  Installation  will  be  100% 
correct. 

.Homework:  None. 
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•  •  •  /<r^ 

•  CE  "A"  IG  }.U 

^  * 

•  9.    Fittings.  ' 

10.  Electrical  devices. 

11.  Rigid  and  flexible  conduit, 

12.  Electrical  metallic  tubing.  J 

13.  Non-Metallic  sheathed  cable: ^ 

*i4*    #12  ^AWG^i^  conductor.  ~-  - 

*  Training  Aids  and  Devices: 

1.    Locally  prepared  materials.  '  * 

a.  Job  Sheet. 

(1)    CE  "A"  JS  1.3.12.1,  "Cubicle  Wiring". 

b.  Drawings.  *  ^ 

(1)    CE  "A"  DWG  1.3.12.1,  "Cubicle  Wiring 
Series  Rooms  #1  thru  #6. 

Training  Aids  Equipment:    None.  V 


OUTLINE  OF  INSTRUCTION  . 

I.    Introduction   o  the  lesson*  \ 

A.  Establish  contact.  »  .  . 
1.  Name: 

"2.    Topic:    Cubicle  Wiring. 

B.  Establish  readiness. 

•  •  \-\  '  . 

1. -  \£uri>ose. 

2.  Assignment* 

C.  Establish  effect.  M 
l.v  Value.  ^ 

a.    Pass  course. .  * 
t*'   Perform  better  on  the  job. 
cT    Get  advanced. 

d."  Be  a  Detter  Construction  Electrician. 

D.  Overview: 

1     Introduce  job  sheet. 

2^_J^^C.tical-pei4:orifla^cer  1 

3.  Questions. 
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INSTRUCTOR  ACTIVITY 


CE  "A"  16  .^.12 
STUDENT  ACTIVITY 


KX.    Introduce  self  and  topic. 


I.B.    Motivate  student. 

) 


I.C.  Bring  out  need  and  value^ 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 

^terials^necessajiy^P_gui^____ 
student.  1  4 


OUTLINE  OP  INSTRUCTION 

II.  Presentation* 

A.    Introduce  job  sheet. 

■  1.    CE  "A"  JS  1.3.12,1,  "Aibicle  Wiring". 

Ste£sTof  procedure.* 

/  '  \~+  . 

1.    Make  a  list  of  materials  required  to 
^install  circuits  fl  -  M. 

a .  Count  'the  number  and  type  of 
boxes  for  the  lighting,  recep- 
tacle and  motor  circuits. 

b.  Estimate  the  amount  of  conduit, 
*   single*  conductor  wire  and 

non-metallic  sheathed  cable. 

c.  Determine  the  fittings  required 
to,  connect  the- conduit  and  * 
cable  to  their  appropriate 
junction  boxes". 

*  •  « 

d.  Estimate  the  amount,  of  wood 
screws,  staples  and  other  hard- 
ware necessary  to  .secure  the  . 
wiring.  *  i 

J        fc.     List  ail  switches, 'outlets, 

lighting  fixtures,  plates  and 
a      the  motor  with  associated  » 
control  equipment. 


INSTRUCTOR  ACTIVITY 


il.B.    Assign  cubicle  to  student 
teams  and  issue  appropriate 
print  from  CE  "A"  tJWG  1.3.12.1, 
VCubicle  Wiring 'Series  1-  -  6. 

t.    Indicate  on  chalkboard 
the  required  heights  from  floor 
•level : 

a.  *  Receptacles:  12"- 
to  center  of  box. 

,#    b.    Switches:    48"  to 
center  of  box.  . 

c«.    Motor  controllers; 
5'  6"  to  center. 


CE  "A"  I  ).3.12 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


. CE  "AM  IG  1.3.12 
c  IS* 

STUDENT  ACTIVITY, 


Submit  the' list  of  material  to  the 
material  issue  room  and  ensure  that 
all  boxes,  fittings  and  hardware 
are  complete  after  receipt  of  issue 


NOTE: 


Check  out  a 
electrician 
cu  s  t ody^dard 


of 

Ls  and  sign  the 


stall  outlet  and  junction  boxes  for 
circuits  #  1  -  #4. 


c. 


Circuit  #1  -  Using  wood  screws , 
install  the  two  2k"  and  2"  gem  boxes 
in  the  locations  outlined  on  the  print. 


Circuit  #2  -  Using  wood  screws/ 
install  the  three  2k"  x  2M  gem  boxes 
in  the  locations  outlind  on  the  print. 

Circuit  #3  -  Using  H"  roofing  shingle 
nails ,  secure  the  4/S  x  2  1/8"  deep 
box  and  hanger  assembly  to  be  used  for 
the  flburescent  fixture  installation. 
Location  shall  be  in  accordance  with 
the  print. 

Where  print  indicates  "S3"  (3-way 
switches) ,  mount  a  2k"  x  2"  gen  box 
at  each  location. 

Where  print  indicates  "S4"  (4-way 
switch) ,  mount  a  4/S  x  h"  deep  box 
with  a  single-gang  plaster  ring. 


II.B.2.a.     Boxes  shall  be 
mounted^  for  h"  wallboard 
finish.    All  receptacles  shall 
be  12"  to  center  above 
finished  floor. 


II.B.2.C.     Position  the  bar 
hanger  to  allow  for  h"  wall- 
board  finish. 


NOTE:    Switch  boxes  shall  be 
mounted  48"  to  cetfter  above 
finished  floor. 
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OUTLINE  OF  INSTRUCTION 


d.    Circuit  #4  -  Using  wood  screws, 
mount  the  motor  controller  as  per 
location  indicated  on  the  print. 

Install  stop-start  station  below 
the  motor  controller^with  a  1/2" 
off-set  nipple.  *~ 

Install,  a;*4/ll  x  1  1/2"  deep' 
junction  box  approximately  2 
feet  from  the  motor,  in-line 
with  the.  run  to  the  controller. 

Install  in.  circuits  #1  and  #2,  non- 
metallic-sheathed  cable,  type  NMC, 
2-conductor  //12  copper  with  ground 
as.  indicated. 

a.  From  panel  to  first  outlet:  At 
panel ,  skin  the  cable  back 
approximately  12",  install  cable 
connector,  insert  conductors  into 
panel  knockout  and  secure  con- 
nector with  locknut. 

b.  Koute  the* cable  to  the  first 
outlet  following  the  shortest 
practical  route. 

c.  Skin  cable  end  approximately  6" 
.  and  instaJ 1  .cable  connector  on 

cable.*  Secure  connpctor  to 
junction  box  with  locknut. 

d.  'Secure  cable  to  studs  with  2  staple: 
one  at  each  end  approximately  12 
'inches  from  box  and  panel, 


(6 
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INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


II.B.2.d.    Motor  controller 
shall  be  mounted  5'  6"  to 
center  above  finished  floor. 


NOTE:    The  run  from  the  controller 
to  the  4/11  box  shall  be  in  1/2" 
E.M.T.  From  box  to  motor  shall  be 
in  1/2"  flexible  conduit. 


I^.B.3.a.    Use  extreme  care  when 
using  cable  skinning  tool,  "Do  not 
damage  Insulation  on  conductors11./ 


II.B.J.b.  Keep  cable  free  of 
kinks .  | 


Of?  1 


15) 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


* CE  "A"  16  1.3.12 
STUDENT  ACTIVITY 


4. 


Install  cable  to  remaining  outlets 
on  circuits  #1 'and  12.  Using 
procedures  outlined  in  3a.  -  3d  as 
outlined  above. 


Install  1/2"  flexible  ©etallii 
from  Sa  to  flourescent-Hgfit  junction 
box.  (Circuit— #37^witch  leg  #3.) 


c. 


Select  correct  length  of  flexible 
conduit  and  install  one  end  at  the 
lighting  outlet  using  a  flexible 
conduit  connector  and  locknut^ 

Route  the  conduit  as  outlined  on  the 
print.    Secure  conduit  to  S4  switch 
boy  as  per  4a. 

Secure  conduit  cO  studs  using 
conduit  straps^-  one  Within  M 
inches  of  switch  box  and  one  in 
close  proximity  to  the  lighting 
outlet. 


ll.B.A.c.  Secure  conduit  straps 
with  1/2"  shingle  nails. 


5-    Install  1/2"  flexible  metallic  conduit, 
from  moior  to  junction  box  (circuit 
*0. 


0  • 


Select,  length  of  flexible  conduit 
(approximately  2  feet*  long)  and 
install  one  end  at  the  motor 
terminal  box. 

Secure  other  end  to  4/11  x  1  l/2t% 
deep  junction  box. 


.II.B.5.b. 


Do  not  secure  this 
strap. 


length  oE  conduit  with 
Flexibility  required  for  motor 
vibration. 

5  * 


L,  sJ  ti 
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OUTLINE  OF  INSTRUCTION 


6.    Install  1/2M  electrical  metallic  tubing, 
from  S3  to  flourescent  light  junction 
box.    (Circuit  #3,  Switch  leg  #2). 

a.  Use  the  61  folding  rule  to  measure 
the  distance  from  the  flourescent 
light  junction  box  to, S3.  (Switch 
leg  12.) 

b.  Select  one  or  two  lengths  of  1/2M 
-     E.M.T.  as  required. 

c.  First  step  -  Form  a  6"  stub-up  on-> 
one  end  of  conduit  following  the 
measuring  and  bending  procedures 
outlined  in  the  attached, drawing 

,  titled  "Accurate  Stubs". 

d.  Second  step  -  Form  a  back-to-back 
bend  with  the  first  90°  bend 

(6"  "stub-up)  following  the 
measuring  and  bending  procedures 
outlined  in  the  attached  drawing 
titled  "Back-to-Back  Bends". 

e.  Install  conduit  with  short  stub 
and  E.M.T.  cpnneetor  *o*the  / 
lighting  outlet  box.    Long  stub 
will  enter' hole  io  top  plate 
above  S3.  - 

f.  '  In  the  second  piece  of  conduit, 

bend  an  offset  near  one  end* 
Amount  of  offset  Will  depend ^upon 
location  of  knockout  in  S3  gem  box. 


INSTR  JCTOR  ACTIVITY 


II.B. 
be 
space 


run 


CE  "A"  IG  3.12 
STUDENT  ACTIVITY 


The  conduit  run  shall1 
concealed  in  the  attic 
and  the  wall  partition. 


II.B. 6. c.  Inform  student^  to 
locate  a  small  piece  pf  i/2"  f 
E.M.T.  and  practice  with  their 
assigned  hand  bender. 


II.B.6.d.    Take-up  measurement 
varies  between  different 
benders. 


II.B.6.C.  Practice 
bends  as  shown  on 
applicable  pages  of 
job  sheet.  * 
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Measure  distance  between  top  of  switch 
box  and  end  of  conduit ,  subtract  1/8" , 
cut  and  ream,  and  secure  conduit  ends 
together  with  a  coupling.  Secure 
conduit  run  to  switch^ box  with  a 
connector  and  iocknut. 


INSTRUCTOR  ACTIVITY 

II.B.6.g.     Ensure  that  all 
fittings0  and  locknuts  are 
,  tight*  • 


CE  "A"  IG  1.3.12 
STUDENT  ACTIVITY 

AS7 


7..  Install  non-metallic-sheathed  cable ,  .type 
NMC,  3-conductor,  #12  copper  with  groung. 
(Circuit  #3,  switch  leg  #1.) 

a.    Use  same  procedures  as  outlined  for 
circuits  #1  and  #2.  5 

8.     Install  V  electrical  metallic  tubing 
for. home  run  (Circuit  #3). 


9. 


a.    Use  same  procedures  as  outlined  for* item 
#6.    .(Circuit    #3,  switch  leg  #2). 
Start  run  from  lighting  outlet; 

Install  type  T.'W.  conductors  between 
panel  and  lighting  outlet.     (Circuit  #3, 
home  run) . 


II. B. 7.     Students  will  select 
the  piece  of  3  conductor  cable 
that  would  be  close  tothe 
measurement  from  S3  to  lighting 
outlet.  * 


a.  Insert  fisli  tape  into  circuit  #3'h  E.M.T, 
♦   home  run  at^the  panel.     Push  until'  12" 

of  end  is  exposed  at  lighting  outlet  box. 

b.  Skin  the  ends  of  1  white  and  1  black 
.type  TW,  #12  conductors* approximately 

*  3".     Bend  the  exposed  copper  at  the 
insulation  and  install  ori  the  fish, tape. 
Apply  3  or  4  wraps  of  electrical  tape  up 
and  down  the  connection. 
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INSTRUCTOR  ACTIVITY 

CE  "A"  IG  1.3.12'  ^ 
STUDENT  ACTIVITY 

c.    Pull  fish  tape  at  the  panel*  until 
approximately  12M  of  wire  is  * 
exposed. 

/     .  . 

II.B.9.C.    While  one. man  is 
pulling  on  cne  nsn  tape,. 
an  assistant  will  apply  pres- 
sure on  the^conciuctors  at 
the^junction  box. 

\ 

\ 

0 ". 

-                       •  •   

d.    Leaye  approximately  of^free~~~ 
length  (at  junction. box) "when  • 
cutting  the  conductors  from  the 
rolls.             .  si* 
*    ^     '  '          *       ■  *f 

H.B.9.d.    Remove  tape 
on  fish  tape  and  prepare 
for  item  #10.  \ 

'  \ 

i 

r  > 

10.    Install  type  TW  .conductors  between  S4 
and  lighting  outlet.    (Circuit  #3, 
.  switch  leg  #3.) 

* 

* 

0 

\  * 

\ 

a.    Select  2  coils  of  red^and  2*coi)s  of 
blue  type  TO  //12  single  conductor  wire 

> 

\  . 

b.    Insert  fish  «,tape  into  flexible  conduit 
*    *       at  the  lighting  outlet  and  push 
until  12"  of  end  is  exposed  ,at 
switch  box. 

^  \ 

'■   '  .        •  •  \ 

•»'-■>. 

c.    Follow  procedures  in  item  #9  for 
*  securing  conductor^  to  fish  tape<M_ 
and  pulling  in  conduit. 

II.B.lO.c  Remove  tape  on  fish 
tape  and  prepare  for  item  #11. 

4  - 

u  * 

\ 

1  I 

t                        -  * 

i 

IK    Install  type  TW  conductors  between  S3 
and  lighting' outlet  (Circuit  #3,  switch 
leg  12). 

:  9 

*      *  * 

• 

r  ERjfc 
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a*    Select  1  coil  of  black,  1  coil  of 
red  *md  1  coil  of  blue,  type  TW ' 
#12  single  conductor  wire.„ 

b.  Insert  fish  tape  into  E.M.T.  at  the 
lighting  outlet  and  push  until  12"  A 
of  end  is  exposed  at  S3  switch  box.  * 

c.  Follow-procedures  in  item  #9  fop 

"    \   securing  conductors  to  fish  tape  and 
'    pulling  in  conduit.^ 

Install  1/2"  electrical  metallic  tubing 
from  motor  controller  to  junction  box." . 
(Circuit  04.)  J 

a.  Select  one  or  two  lengths  of  1/2" 
E.M.T.  as  required.. 

b.  ..Conduit v shall  be  run  "surface 
mount11  from  top^iPcoritrolier  to 
conceale<Tlrun  in  the  attic. 

^*  '         #  *. 

c.  Starting  at* controller,  measure 
for  offset  and  bend  as  required  in 
one  end  of  conduit.  - 

d.  Measure  distance  from  top  of 

1  controller  to  top  of  ceiling  joist. 
Lay  out  measurements  according  to  • 
attached  drawing.  "Accurate  Stubs" 

e.  Make  90°  bend  and  place  offset  end 
with  connector  in  to^ont  roller 
knockout. 


INSTRUCTOR  ACTIVITY 


t 

I  - 


CE  "A"  IG  3.12 
STUDENT  ACTIVITY 


II.B.ll.c.    Remove  tape  and 
.ensure  that  6"  /of  free  length 
-  of  -  conductor  is  in  the  box. 


II.B.12.e.  Do  not  install  lock- 
nut  at  this  time. 


\ 
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INSTRUCTOR ' ACTIVITY 


13, 


14. 


CE  "A"-  IG  3.12 

STUDENT  ACTIVITY 


I.-  Position  conduit  ind  mark  with  < 
pencil  1/8"  from  edge  §p£-  junction 
£  box' at  the  knouckbut.% 

g.  •  Cut,'  ream,  and  instaii^connector .  i 

h.  Secure  loth  end!  with  locknuts, 

and  strap  conduit  above  controller  * 

using  1/2"  E.M.T.  strap  and  1/2"  ; 

shingle  nails. 

■  \ 

Install  1/2"  electrical  metallik  tubing, from 
panel  to  junction  bo&.      (Circuit  J4  -  home  run). 

a.     Conduit  shall,  be  run  concealed  in  stud 
area,  above  th^e  panel ;  % 


b. 


90c 

box  •  \ 


available  short  pieces  of  1/2"  E.M.T.  ~fbr  the 
stud  bend  from  panel  and  offset  to  junction 


Install  type  TW  conduct ors^katJHLeen  panel  to  motor 
junction  box,   and  from  junction  box  to  controller 


a . 


b. 


Insert  fisli^tape  into  E.M.T.  at  junction 
box  and  pt^ti  until  12"  of  end  is, exposed 
at   the  paj\el. 

i  < 

Skin  the  ends  of  2  black  and  1  wKite  . 
type  TW,  #12  conductors.  Follow 
installation^  procedures  Autlined  in 
item  #9.  3  4 

Insert  fish  tape  into  E.M.T.  at 
junction  box  and  push  until  12" 
of  end  is  exposed  at  the^controller . . 


II.B.14.b.  Remove  tape  on  fish 
tape  and  prepare  for  itei^  //14c 


/(fit 


OUTLINE  OF  INSTRUCTION 

d.    &in\the  ends  of  3  black  and  1 
white  type  TW,  #12  conductors  and 
repeat  item  #9  procedures. 

15*    Install  type  TW  conductors  between 
•    controller  and  push-button  station 

(circuit  #4).'  ^ 

<  ,a.\   Install  1  white,  1  black  and  1  red 

\  \  type  TW,  #  12  conductors.  Determine 

-   length  by  estimating  distance  by 
routing  each  conductor*  from  terminal 
to  terminal.    Cur,  skin  andt  Secure 
each  in  accordance  with  attached 
drawing  titlefl  "Single  Phase  Motor 
*    Controller  Connections". 

\  16.    Connect  circuit  conductors  at  motor 

\  controller  and  motor  (Circuit  #4). 

a.    Follow  the  attached  diagram  titled 
,i«10  Motor  Contrbller  Connections) 
for  controller  and  motor 'connections. 

-  17.    Connect  all  switches  and  make  necessary 
splices  (Circuit  #3). 

a.,   Follow  the  attached  diagram  titled 
M3  and  4  Way  Circuit  Diagram  for 
v  Circuit  n".  r  # 

_18.T   Complete  installation  with  switch 
-  f  J*-5—  and  receptacle  plates,  covers  and. 
T  fixture  assembly* 

-irj^Follow  examples  outlined  on 
display  board, 


INSTRUCTOR  ACTIVITY 


CE  "A11  IGt  ->.12 
STUDENT  ACTIVITY 


1 

i 


II. B. 16. a.  *  Ensure  that  all 
connections  at  controller  arc 
made  in  a  clockwise  direction. 


II. B. 17. a.    Conduct  rough 
wiring  inspection  for  evaluation. 
Installation  shall  be  100% 
correct. 


OUTLINE  OF  INSTRUCTION 

I 

'   19.    Test  all  circuits.' 


INSTRUCTOR  ACTIVITY 


a.    Energize  panelf   Place  main 
disconnect  In  ON  position. 

,b.    Circuits  Hi  and  92:    Turn  ON 

circuits  #1  and  #2  breakers  and  test 
each  outlet  for  presence  of  115 
volts  between  parallel  slots  and 
small  slot,  to  ground.    Should  read.  . 
115  volts. 

»;   •  \ 
c.J  Circuit  #3:    Turn  ON  circuit  #3 

breaker  and  test  each  light  switch  for 

proper  operation. 


Circuit  #4:    Turn  ON  circu 


  ilT#4^ 

breaker  and  nest^aotor  circuit  for 
onroff^ operation 'via  push-button. 


CE  "A"  If  .3.12, 
STUDENT  AwtyiTY 


NOTE: . .All  circuits  shall  operate 
100%  correct. 


IH.i  Application. 

A.    Practical  performance 
I. 


The  student  will  install  circuits  #1  - 
using  electricians  tools  and' electrical 
construction  material.    Tnstallafion  and 
evaluation  will  be  done  in  accordance 
with  Job  Sheet  CE  "A"  JS» 1.3.12.1, 
"Cubicle  Wirinfe".      -  *  I 


LV.  Summary. 

|  A.     Intrc-duce  job  sheet.* 
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OUTLINE  OF  INSTRUCTION 

'  B.    Steps  of  procedure.  . 

C.  Practical  performance. 

D.  Questions.  ■ 
V,    Test:  None. 


\ 


INSTRUCTOR  ACTIVITY 


CE  "A"  IGV  J. 12 
STUDENT  ACTIVITY 
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naVal  construction  training  center  ,  \ 

PORT  HUENEME,  CALIFORNIA  *03O43 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:  Unclassified 


\ 


r 


Topic:    Maintenance  and  Troubleshooting. 

Average  Time:    2  Periods  (Class),  7  Periods  (Pract) 

Instructional  Materials: 

t 

A/   Texts:  None. 

*  0  ^ 

\  \ 

B.    References:  9         \  , 

i.    NAVFAC  M0-116,  Facilities  Engineering 
Electrical  Facilities,  March  1972.  " 


Toots,  Equipment  and  Materials: 
1.  *  Electrician's  tobl  kit. 
Z.    Step  ladder ,\  6  foot. 


\ 


A 


\ 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  upe  electricians  tools 
to  fristall  and- test  electrical  material  and  equipment 
within  an  open-framed  building,  and  a  reinforced 
concrete  slab  area  with  surrounding  concrete  masonry 
unit  wall.    Installation*  will  conform  to  the 
completed  drawings  that  follow  prescribed  code  rulings 
and  calculations  as  outlined  in  t^e  appropriate. 
<job  sheets. 


3.  Completed  cubicle  wiring:  circuits  #1  -  //4, 

4.  Voltage  tester  (Wiggins).  &  \ 

5.  Wiping  rags. 

0*    Training  Aids  arid  Devices: 

\  ■  * 

1.    Locally  Prepared  Material: 

a.    Job  sheet. 


(1)    CE  "AM  JS  1.3.13.1,  "Maintenance  v 
^-s  and  Troubleshooting". 

?  *  * 

Training  Ai3s  Equipment^;  .  tfone.  *   ^  of  8j 


Enabling  Objectives:  Upon. completion  of  this  topic 
the  student  will  be  able  to  perform  maintenance  and 
troubleshpoting  procedures  on  interior  wiring  circuits 
motor  controllers,  motors  and  associated  equipment. 
Steps  of  procedure  will  be  in  accordance  with  job 
sheet  CE  "A"  JS  1.3.13.1,  "Maintenance  and  Trouble-* 
shooting"  and  will  be  1^00%  correct. 

Criterion  Test:    The  student  will  demonstrate  his 
ability  by  performing  maintenance  and  troubleshooting 
on  interior  wiring  circuits,  motor  controllers,, motors 
and  associated  equipment  as  outlined  in  job  sheet 
CE  "A"  JS  1.3.13.1,  "Maintenance  and  Troubleshooting". 
Procedures  will  he  executed  100%  correct. 

Homework:  .  None. 
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OUTLINE  OF  INSTRUCTION 
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I.    Introduction  to  the  lesson. 

A.  '  Establish  contact. 

1.  Name:'  , 

2.  /Topic:    Maintenance  and,  Troubleshooting. 

B.  *  Establish  readiness. 
,  1.  .Purpose. 


/ 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  x.13.1 
STUDENT  ACTIVITY 


I. A.    Introduce  self  and  topic. 


•  r 


/      2.  Assignment. 

v     .    '  • 

C.  Establish  effect.  > 
1.  Value. 

a. ^  Pass  course.- 

b.  Perform  fetter  on*  the  1ob. 

c.  Get  advanced.  / 

d.  Be  a  better,  Construction  Electricia'n. 

D.  Overview: 

1 .  Job  sheet.  *  -  < 

2.  Steps  of  procedure, 
a. 


I.B.    Motivate  student, 


I.C.    Bring  out  nfeed  and  value 

cf  material  betag  presented. 

ft  * 


\ 


v 


I.D."~  State  learning  objectives. 

< 

1,    State  information  and 
materials  necessary  to  guide 
student.  "~ 


\ 


v 


Maintain  and  test  circuit 
breaker  panel. 

Inspect  conduit  and  cable 
systems. 


A 


\ 


OUTLINE  OF  INSTRUCTION, 


INSTRUCTOR  ACTIVITY 


c.    Maintain  and  test,  flourescent 
circuit* 

*      si  '  '  *    *  * 
f*     *\      d.    £UyJjjkain  and test  motor,  motor 

.  controller  and  push  button  starton. 

3.  Questions. 

II.    Presentation.  " 

A.  '  introduce  job  .sheet. 

'  1.    CE  "A"  JS-l.3U3.lr  "Maintenance  and  ' 
j    •    Troubleshooting".       |  -  , 

,  Steps  of  procedure.  '     '         r  , 

1   1.    Maintain  a'Ad  test  circuit  breaker  panel. 

•     ,       \    .      .  .  #      "  " 


a. 


Ensure  that  the  main^breaker**iq  in 
the  OFF  position. - 


b.    Label  all  circuits  with  circuit 
number  »md  typfe* 

£heck  interior  of  panel  for  clean- 
liness. .  * 


v. 


d."   tjfith  a. screwdriver,  checlc  all  ^ircuit 
breaker  load  connections*    DO  HOT  ^ 
OVER  TIGHTEN.  ,    -  •  .  " 


CE  "A"  IC* 1.3.13 
STUDENT  ACTIVITY 


\ 


J-      }  e.     Check  load  balance   (equal  distri-'  ..II. B. I.e.   Calculate  approximate  load 

(        j  hution  of  loadk  aCrosts  the  two       r    using  the  following   factors,  ony 

>  phases).         "  •  \  t  i      chalkboard:  *  \-  v 


1.  \  Receptacle       180  watts. 


1 


OUTLIKE  OF  INSTRUCTION 


Grounding  -  check  connections 
at  -panel  and  ground,  rod. 


INSTRUCTOR  ACTIVITY 
II. B. I.e.  (ContM)  • 

2.  Flourescent  Fixture  - 
\00  watts.  ~~ 

'         •  •  <i 

3.  1  H.P.  Motor  -  746  watts 

a.    Provide  an  example 
using  the  above  factors*. 

II.B.l.f.    Circuit  breaker 
panel  and -grounding  system 
maintenance  and  .load  balance 
steps  of  procedure  shall  be 
performed  100%  correct. 


2.    Inspect  conduit  and  cable  systems. 

c 

a.  .  Electrical  metallic  tubing:  Check 

all  connectors  and  couplings  by 
hand.    If  loose,  tighten  with 
adjustable  open-end wrench. ~ 

(1)    Check  securing  of  E.M.T. 

for  proper  number  of  bends,  type 
'      -    of  sttaps  and  -their  location. 

b.  Flexible  metallic  conduit:  Check 
all  conduit  connectors  by  hand. 
Remove  any. sharp' edges  at  termin- 
ations of  conduit. 

(1)    Check  securing  of  flex  conduit 
for  proper  number  of  bends, 
type  of  straps  and  their  ' 
location. 


II.B.2^b.(l)  Total  number  of 
bends  shall  not  exceed  360°. 


CE  "A"  16  )3.13 
STUDENT  ACTIVITY 


it 
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.   OUTLINE  OF  INSTRUCTION 


c ..   Non-metallic-sheathed  cable: 
Ensure  that  all  cable  runs  are 
within  the  concealed  areas  of 
the  building* 

(1)    Check  all  cable  connectors  at 
1       the  panel  and  junction  boxes. 
DO  NOT  OVERTIGHTEN  SCREWS 
ON  CABLE  CONNECTORS. 

*  (2)  .  Ensure  that  the  location, 

and  proper  number  of  staples 
uere  installed  to  secure  the 
cable.    "Check  for  staples 
hammered  too  tightly  on  the 
cable/5' 


INSTRUCTOR  ACTIVITY 


It.B.2.c.,(l)»  •  Damageto  cable 
insulation  will  occur  when 
cable  connector  is  secured  too 
tight. 

»  « 

II.B.2.c.(2)    Damage  to  cable 
insulation  will  occur  when 
staples  are  hammered  beyond 
the  safe  limit. B 

Inspection  of  conduit  and 
cable  wiring  systems  shall 
be  performed  100%  correct. 


CE  "A"  IG  l.*3.13 
STUDENT  ACTIVITY 


,3.    Maintain  and  test  flourescent  circuit. 
\  a. 


Check  fixture  reflector  for 
cleanliness.    Clean  if  required, 


b.  Check  flourescent  lamps  for 
seating  firmly  and  correctly  in  the 
lamp  holders.  $ 

c.  Turn  ON' Lighting  circuit  breaker 
at  -panel. 

d.  Test  3  way  and  4  way  switches  '  * 
for  proper  operation. 


II.B«3.d.    If  switches  do  not 
operate  correctly ,  review  the 
drawing  titled  "3  and  A  Way 
Circuit  Diagram11  for  circuit  //3. 
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OUTLINE  OF  INSTRUCTION 


e.    Turn  light  ON:    If  lamp  flickers, 
swirls  or  flutters,  turn  OFF  for 
a  fevt  minutes  -  then  turn  ON. 
.Change  lamps  if  flicker  remains. 

4.    Maintain  and  test  motor,  motor 

controller  and  push  button  station* 

a*    Ensure  that  the  motor  circuit  % 
disconnect  (at  the  panel)  is  In 
the  OFF  position. 

b.  Motor  controller:    Remove  cover 
and  check  for  dirt,  pieces  of 
copper  wire,  presence  of  moisture*- 
and  loose ^connections. 

(1)  Check  the  ampere  rating  of 
the  thermal  overload  units 
and  compare  with  the  name- 
plate  ampere  rating  on  the  -* 
motor. 

(2)  .  Check  contacts  for.  making 

full  contact.    Push  contact 
assembly  with  finger  posit-  * 
°   *        ioned  below  solenoid  (coil)* 

(3)  Cleaning  contacts:    Use  extra 
fine  sandpaper  and  remove  high 
spots  on  contacts,  1f  required. 
DO  NOT  USE  EMERY  CLOTH I! 

c .  Push-buttpn  station:    Remove . cover 
and  clieck  for  loose  connections 
and  conductors  Interfering  with  * 
travel  of  moving  parts.        "  ■ 


(6 
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CE  "A?  IG  1.3.13 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY- 

II.B.3.e.  If  flickering  lamp 
is  not  replaced,  it  may  cause 
damage  to  the  ballast. 


II.B.A.b.    Clean  out  all  loose 
particles  and  tighten  any  , 
loose  connections*    DO  NOT 
OVERTIGHTEN. 

II.B.b.(l)    If  the  current 
ratings  differ  by  A  or  more  amps, 
report* this  to  the  instructor. 


II.B.A.b. (2)    This  check  will  also 
ensure  free  travel  of  contact 
assembly. 


II. 15. 4. c.    Operate  Stop  and  *  . 

Start  buttons  to  ensure  free 
travel  of  moving  parts. 

.  -  294 
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OUTLINE  OF  INSTRUCTION 

—  :  

d.  •  Replace  covers  on  controller  and 
push-button  station.    Place  " 
circuit  #4  (disconnect  at. panel) 
to  the  ON  position. 

.    .»  (1)    Pust  Start  button  and  check 
•  motor  for  proper  operation. 

•  e.    Motor  does  not  operate: 

(1)'  Turn  circuit  disconnect  to 
OFF  position. 

(£)  .  Use  a  step  ladder 'to  get  in 
position  to  check  the  splices 
and  motor  connections  in  the 
•  .  attic  area. 

.    .  (3)/  Refer  to  the  wiring  diagram 

"Single  Phase  Motor  Controller 

\   Qonnections"  and  make  cor- 
rections^? required. 

<     (4)    Repeat  starting  procedures  and 
check  system  for  proper 
operation. 

III.    Practical  application. 

-A.    Maintenance  and  testing  procedures  will  be 
"    dorfe  in  accordance  with  job  sheet  CE  "A"  JS 
1.3.13.1,  "Maintenance *artd  Troubleshooting". 

TV.  Summary*. 

A.    Job  -sheet. 
<    —  B. — Steps,  of  procedurev-    -    —  


no 


INSTRUCTOR  ACTIVITY 

II.B.4.d.    Maintenance  and 
testing  procedures  shall  be 
performed  100Z  correct. 

1 


CE  "AM  IG  1.3.13 
STUDENT  ACTIVITY 


? 


II.fi.4.e.(4)    Maintainence  and 
testing  procedures  shall  be 
performed  100%  correct. 
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OVILIHE  OF  INSTRUCTION 


C.  Practical  application 

c 

D.  Questions. 
V.    test:    None.  • 


OO7 


INSTRUCTOR  ACTIVITY 


0/ , 


y 

CE  "A"  IG  1.3.13 
STUDENT  ACTIVITY 


«  A. 
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CE  "fA"  \Q  2.1.1 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  Ar-721-0018 


Classification:  Unclassified 
Topic:    Tying  Knots 

Average  Time:    2  Periods  (Class),  4  Periods  (Pract) 
Instructional  Materials:  * 
A .    Texts  i   * 


Terminal  Objective:    Upon  completion  of  this  unit  the 
student  will  be  able  to'  install  an  overhead  distribution 
system  up  to  5000  volts  and  operate  alternating 
current  generators  up  to  200  KW,  singly  or  In  parallel. 
Installation- and  operation  will  be  performed  in  accord-, 
ance  with  appropriate  job  sheets. 


1.    Construction  Electriciau  3  &  2,  NAVPERS 
10636-C,  chapter 


Enabling  Objectives:    UpofTTTompietionnof -this-^ople-the 
student  will  be  able  to  tie  a  timber-hitch,  half -hitch, 
clove-hitch,  bow-line,  grunt fs  knot  and  properly  make 
f  up  a  handline  for  stowage.    Knots  will  be  tied  in  a 

2.    Lineman  s  and  Cablemanfs  Handbook,  Ath  edition, 6  foot  length  of  1/2"  line  in  accordance  with  the  * 
Kurtz;  McGraw-Hill  Book  Co., 'New  York,  N.Y.       procedures  outlined  in  Job  Sheet  CE  "A"  JS  2.1.1.1, 

"Tying  Knots".    Knot  tying  procedures  will  be  executed 
without  error. 


B .  References :    None . 

<:   ----- 

C.  Tools,  Equipment  and  Material;  "7f 

1.  tlassroom  training  pol.es.  X# 

 _»„__   i  1..   1          „  . 

2.  Practice  pole  climbing  areas.  . 

3.  Hand  lines  (complete  with  <•  ft.  attaching 
lines). 

4.  12  foot  lengths  of  1/2"  synthetic  lines' 
(one  per  student ).***. 

5.  Crossarms/ 

D.  Training  Aids  and  Devices:  * 

*  1.  .-Locally  prepared  material:^  


Criterion  Test:    The  student  will  tie  a  timber-Bitch, 
half-hitch,  clove-hitch,  bow-line,  grunt's  knot  and 
properly  make  up  a  handline  Cor  stowage.    Knots  will 
be  100Z  correcc._-.-      

Homework-:    Read :        * 

1.     Lineman's  and  Cableman's  Handbook: 

.  a.     Section  4,  pp.   4-1  thru  4-12.' 

b.  Section  10,  pp.   10-1  thru  10-17- 

c.  Section  45,  pp.  45-1  thru  45-4  and 
pp.  45-26  thru  45-30 
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a.  Knot  tying  display  board. 

b.  Job  sheet* 

(1)    CE  "A"  JS  2.1.1.1,  "Tying  Knots", 
E.    training  Aids  Equipment:  None. 
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OUTLINE  OF  INSTRUCTION 

I.    Introduce ion  to  the  lesson. 

A.  Establish  contact, 

1 .  Name : 

0 

2.  Topic:    Tying  Knots, 

B.  Establish  readiness: 
1'.  Purpose. 

2.  -Assignment. 
C-    Establish  effect. 
I.  Value. 


\ 


\ 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


IX.  .  Bring  out  need  and  value 
of  material  being  presented. 


a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get-  advanced. 

d.  Be  a  better  construction  electrician, 
overview:  - 

t.    Jol  Sheet. 

2.  Knot-tying  demonstration. 

3.  Questions. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student.  .  . 


CE  "A"  IG  2.1.1 
STUDENT  ACTIVITY 


ERJC 
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OUTLINE  OF  INSTRUCTION 
II.-  Presentation. 

A.    Introduce  job  sheet. 

1.  CE  "A"  JS  2.1.1.1,  "Tying-Knots". 

. .   Hl._  Steps  of  procedure. 

1*    Prepare  handline  for  use. 
a.    Uitcoil  handline* 

2.  Prepare  handline. for  storage* 

a.  Two-block  snap  and  ring  with 
shive  block. 

b.  Coil  in  clockwise  direction  into~ 
2  1/2"  -  3'  coil.  . 

c.  Use  tail  of  handline  to  keep  made 
up* 


INSTRUCTOR  ACTIVITY 


CE  "A" 
STUDENT 


Secure  handline  to  top  of  pole  with 
4  foot  attaching  line. 

a.    Using  timber  hitch. 


II.A.l.    Hand  out  CE  "A"  ^S, 
2.1.1.1,  /•Tying  Knots".  \ 


II.B.l.  Uncoil  handline  for 
students.  *  ? 


II.B.2.  Make  up  handline  for 
storage. 


IC'2.1.1 
ACTIVITY 


II. B. 3.  Demonstrate  tying  timber 
hitch  on  training  pole. 


306 


(1)     Bitter  end  of  4  foot  tail  around 

the  pole  (6"  from  top)^,  and  lay  on 
.  top  of.  secured  end*     Bring. under 
secured  end  and  spirai  back  upon 
itself  approximately  4   times.  While 
holding  bitter  end,   apply  pull  on 
secured  end  and  draw  tight* 
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INSTRUCTOR  ACTIVITY 


CE  "A11  IG  2.L1 
STUDENT  ACTIVITY 


Tie  a  clove-hitch  and  a  half-hitch 
on  a  crossarm. 


a* 


II«B.4,a«  Demonstrate  placing 
crossarm  on  line  boot* 


II.B*4.b.    Demonstrate  proper       II.B.4«b.  Observe 

way  to  tie  a?  clove-hitch*  on  the  demonstration, 
arm.     *  c      ,    .  * 


Lay  crossarm  In  a  horizontal 
position  on  the  ground  with  one 
end  resting  on  top  of  line  boot. 

b.  Apply  clove  hitch  to  elevated  end 
of  crossarm  by  making  two  over- 
hand Hoops  (close  to  the  snap  and 
ring  assembly) ,  pass  second  loop 
behind'  first,  then  install  over 
end  of  crossarm.    Tighten  by 
pulling  firmly  .on  both  ends. 

c.  Rest  opposite  end  of  crossarm  on 
line  boot  and  apply  a  half-hitch 
by  moving  slack  from  line,  (between 
clove-hitch  and  half-hitch).  Hake 
one  overhand  loop  formed  and  placed 
over  end  of  crossarm  so  that  tension 

on  running  end  will  tighten  loop  ' 

around  crossarm*  x 

5.   Tie  a  clove-hitch  and  finger  line  on 
a  crossarm. 

a.     Tie  a  clove-hitch  same  as  before,      II.B.5.a.     tie  clove_hitch. 


II.B.4.C.    Demonstrate  proper 
way  to  tie  half-hitch  on  other 
end  of  arm. 


II.B.4.C.  Observe 
demonstration. 


b.     Extend  running  end  of  handline  up 
•  alone  arm. 


c.     Secure  handline  to  top  of  arm.- 

(1)     Pass  a'3/8H  finger  line 

through  the  tip  pin  hole&frf 
-  arm. 


II . B. 5. b.     Demonstrate  running 
hand  line  along  arm . 

II.B.5.C.  ,  Demonstrate  securing 
^handline  to  top  of  arm..  : 


(2)     Secure  around  arm  a^i  handline 
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with  a  |>ow  knot. 
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OUTLINE  OF  INSTRUCTION 

6,    Grunts  knot,  / 

a.  Used  kto  raise  tools  and  materials. 

b.  «  *Can  be  untied  from  the  ground, 

7*  Bowline. 

•  »  * 

a.  Places  a  loop  in  the  end  of  a 
line. 

b.  Will  not  slip  or  pull  tight. 

III,  Application*  — 

A.    Students  practice  preparing  a  handline 
for  use  and  storage. 

i,    Students  practice  tying  knots/"" 

C.    Students- practice  raising  crossarms  as 
outlined  by  instructor. 

IV.  Summary.     *  •    ,         C»  '  * 
A.     Steps  of  procedure. 

1.  Prepare  handline  for  use.     *  6 

2.  Prepare  handline  for  storage. 

3.  Secure  handline  to  pole. 


4.  Tie  a  clove-hitch  and  half -hitch  on  a 
crossarm. 

5.  Tie  a  clove  hitch.  an*i  fingerline  on  a 
crossarm.  .  * 
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INSTRUCTOR  ACTIVITY 

_II.B.6.  Demonstrate  tying 
*  a  grunt9 s  knot. 


II. B. 7.    Demonstrate  tying  a 
bowline,  following  procedures 
outlined  in  the  Lineman's  and 
Cableman's  Handbook ,  pp.  41-6. 


III.    Issue  students  climbing  gear*, 
handlines  and  a  12'  length  of 
1/2°  diameter  line. 


CE*MAM  IG  2.1.1 
STUDENT  ACTIVITY 
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INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


CE  "A"  IG  2.1.2 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN- "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:  Unclassified 
^. Topic:    Framing  Poles  j 

Average  lime:    1  Period  (Class),  5  Periods  (Pract) 
.Instructional  Materials: 
A.    Texts:  _ 

1-    Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  9. 

2.    Lineman's  and  Cableman's  Handbook,  4th 
edition,  Kurtz;  McGraw-Hill  book  Co., 
New  York,  N.Y.  ,  r 

.3,*    References:  None... 
C.    Topis,  Equipment  and  Materials: 

1-     6  foot  folding  rule.. 

2.     Framing  square   (24"  x  36"). 

3-     Cant  Hooks. 

4.  Utility  saw* 

5.  ; Lineman ' s  hammer • 

6.  Chisel  (2"  Wood), 


Terminal  Objective;    Upon  completion  of  this  unit  * 
the  student  will  be  able  to  install  an  overhead 
distribution  system  rated  up  to  5000/volts,  and 
operate  alternating  generators  up  to  200  KW;  singly 
or  in  parallel.    Installation  and  operation  will  be  * 
performed  in  accordance  with  appropriate  job  sheets. 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will* be  able  to  frame  a  power  pole  in 
accordance  with  Job  Sheet  CE  "A"  JS  £.1.2.1,  "Framing 
Poles".    Framing  tolerances  will  be  100%  correct. 

Criterion  Test:    The  student  will  frame  a  power  pole 
within  the  tolerances  outlined  in  the  "Job  Sheet 
CE  "A"  JS  2.1.2.1,  "Framing  Poles". 

Homework :    Read :  *  * 

i 

J..    Lineman's  and  Cableman's  Handbook: 

a.  Section  11,  pp.  Jl-1  thru  11-26." 

b.  Section  45,  pp.  45.-5  thru  45-7. 


8.  Auger  bit  11/16"  x  14". 

9.  Chalkline.  . 

10.  Tape  measure,  100  ft. 

11.  5  foot  sections  of  power  poles. 
Training  Aids  and  Devices: 

1.  Films. 

a.    MA-2564,  Installation  of  Crossarms, 
(18  min.).  _?  " 

2.  Locally  Prepared  Material: 

a.  Framed  pole  display. 

b.  Job  "Sheet. 

•  U)    CE  "A"  JS.  2.1.2.1,  "Framing  Poles 

Training  Aids  Equipment: 

I  '    *  ' 

1.     16mm  movie  projector. 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


I.    Introduction  to  the  lesson. 

A.  Establish  contact. 
1 Name : 

.  2.  ^opic:    Framing  Poles. 

B.  Establish  readiness. 

1.  Purpose. 

a  ■ 

2.  Assignment. 

C.  Establish  effect. 
*      .1.  Value. 

a.  Pass  course.  • 

b.  Perform  better  on  the  job. 

c.  ;Get  advanced. 

d.  Be  a  better  construction  ^electrician. 
D.  Overview: 

1*     Job  Sheet. 

2.  Terms  and  definitions. 

3.  Framing  demonstration, 

4.  Questions. 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student, 

1.  Define  framing. 

2.  Framed,  according  to  intended 
usage. 

I.C    Bring  out  need  and  value  of 
material  being  presented. 


I.D.    State  learning  objectives, 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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OUTLINE  OF  INSTRUCTION 


U.    Presentation.     :  : 

Ar— Introduce  job  sheet  and  film.;/. 
_    1.    CE  MAM  JS  2.1.2.1,  "Framing  Poles"; 
1.  -MA-2564  "Installation  of  Crossarras", 
B.    Roofing  the  pole: 

1.  Prevents  water,  snow  or  ice  from 
collecting  on  top  and  causing 
decay. 

2.  Steps  of  procedure. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


IT .A. 2.  Show  film  and  discuss  II. A. 2.  View  film  and 
highlights.  participate  in  guided 

discussion. 


II. B. 2.  Draw  sketch  on 
chalkboard: 

0ACn  StQg'bP  poue 


1  ******  .  i>-  ' 


a.  Position  pole  on  two   (2)  crossarms 
or  short  sections  of  poles, 

face  up. 

b.  "Rotate  pole  90°. 

c.  On  back  side.-  measure  from  top 
,down  1">  and  mark  with  chalk  or 

pencil.     Complete  angle  of  15°  by 
drawing  line  from  top  of  face  .to  mark 
on  back  side  of  pole. 

d.  Using  a  crosscut  sav,   follow  chalk/ 
pencil  line  and  cut  roof. 


II. B.2. b.   Show;   cant  hooks    II. B. 2 . b. 
used  to  turn  and  hold  poles  hooks 
for  framing. 


View  cant 


ERLC 
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OUTLIHE  tir  IttSTRCCTlOH  ' 

_C.    Cutting  a  single  gain: 


Locate  pe±e  on- two  (2)  crossanns  or 
sections  of  poles,  face  up. 

,Snap  a  (jjT     face  of  pole  from  roof  to 
butt.  fc  „ 

On  Q.  measure  ^down  12n        from  peak,  of 
roof  and  mark,  this  £s  the  center  of  the 
gain. 


JXSlRUCIOR^VCTIVITV 


CE  MAH 
STUDENT 


IG  2.1.2 
AttlVITY 


NOTE:  £  Denotes  center line. 
3.    Sketch  on  chalkboard. 


4,  On  the*ti  measure  2  1/4."  mark,  and  mark, 
this  denotes  the  top  and  bottom  limits 
of  the  gain. 

5.  Using  the  crosscut  saw,  cut  1/2"  deep  at 
top  and  bottom  marks  of \  the  gain. 

a.  Make  cut  90°  with  axis  of  pel.). 

b;    Using 'the  lineman's  hammer  and  a  2"  wide 
wood  chisel. 

a.  Split  the  gain  on  ^  into  two  equal 
halves. 

b.  From  outside  to  center  of  gain,  drive 
chisel  and  remove  1/2  of  £ain  at  a  time. 


Finished  gain  should  be 
slightly  concave . 


T, 

1 


IT.D.6.C.  Koeps  crossarm  from 
rocking  motion. 
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Wii.iNrOF  INSTRUCTION 

^         77^  Crossarm  through  bolt-hole 7 

a.    Draw  two  diagonal  pencil  lines  that 
intersect  in  the  center  of  gain. 


INSTRUCTOR  ACTIVITY 


CE  "A"  2.1.2 
STUDENT  ACTIVITY 


II;B,7.a.    Sketch  on  chalkboard; 


BCuT  Mote 


PENCIL 
GAIN 


9 

erlc 
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b.  Use  wood  brace  and  11/16"  auger- 
bit*  More  hole  at  the  center  of 
each  gain. 


D.    Cwtfcir.g  multiple  gains  on  face  of  pole. 

rem  reef  to 


on  face  cf  pole  f 


II.B.7.b.    Demonstrate  how  to 
maintain  vertical  boring  oosi- * 
tion  with  two  stu_dents  90"  apart 
sighting  for  accuracy. 


II.B.7.b. 


tH&Ct. 

A.    Measure -from  roof  down  12  i/£M*en£_  , 
-  rhi&  is  center  of  first  sain. 
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OUTLINE  Or  IKSTRUCTIOW 

1  -    -  8 

6 

2.    Second  gain, 

z.    Measure  down  24'^  from  center^  of  " 
— —first  gain, m and  mark  center  of 
-  second  gain.. 

*  Third  gain. 

r  (h 

a.    Measure  down  on  JL  24"  from  center  of 
second  gain,  and  mark  center  of 
*  third  gain. 

* 

:>.    Hark  upper  and  lower  limits  of  gains  as 

_     .  ,  helotc-  .  —  -  "  _ 

-  -  't 

•     a.    2  1/4"  above  and  below  center. 

_  ^.    Remove  wood  from  gain's  as. before.  9 

7.    Theck  gains  for  parallel  surfaces. 

♦ 

*•    *wo  framing  squares,  one  in  oach 
gain.  *  • 

*  * 

ft.    Sight  square*;  and  level  gain*  as 
needed . 


INSTRUCTOR  ACTIVITY  ' 


CE  IC  2.1.2 
STUDENT  ACTIVITY 


II. D. 7.'  Sketch  on  chalkboard, 
I  I5C  SLOPE 


Tm^v-BCLT 


Go*  attachment* 


32G 
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ERJC 


J  or:  9) 


1"  J 


1* 


 <  *4 


<  ■ 
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OUTLINE  OF  INSTRUCTION  ~  _    CE  "A"  IG  2.1.2 

 :  '  -  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

E.    Cutting  gains  for  buck  arms. 

1.  Measure  down  <P  from  center  of  JLine  arm  ' 
24"  and  mark.  %~ 

2.  Measure  circumference  of  pole  at  buck  *  " 

arm  mark.  -  '  *    s>     -  * 

3.  Divide  circumference  by  (4), 
a.    24  |  4  »  6. 

4.  From  mark  on  center  line  measure  the 
sdi  stance  obtained  above. 

a.    6".    .  . 
.5.    Rotate  pole  90°  so  that  new  mark  is  on  top. 
a.    Use  cant  hooks.      x  \ 

6.    Place  bolt  in  line  arm  through  bolt 'hole 
to  help  align  the  90°  relationship. 

"7.    Measure  and  cut  gain  as  before. 

8.    Drill  buck-arm  through  bolt  hole  as  before, 

using  bolt  in  line  arm  to"  keep  the 
j-    required  90°  alignment. 


/ 

/ 

/ 

/ 


9,    Check  finished  gains  for  accuracy  with  two 
(2)  framing  squares.  > 

a.    One  In  each  gain.   ^  c 

#b.    Sight  as  before.       "  - 
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OITHXC  01"  LNSIRITTION 


F.    Mechanical  gain* 

1.  N'o  cutting  required* 

»  •      *  .* 

2.  Driii  hole  for  crossar:.:  bolt. 

-y.f       :  ' 

&.    Cuy  attachment  holes. 

1.    In  line  with  line  or  buck  arm. 
.2.    9"  below  same. 
III*  .  Application,, 

A,    Student  practice  -  framing  apole.' 
IV.     Summary;  v  ^ 

A.  Cutting  t.he^  roof.  *  - 

B.  Cutting  a  single  gain. 

C     Cutting  multiple  .gains  on  same  surface. 

D.     Cut  ting  gains  for  buck"~arms. 

F..    Mechanical  gains. 

f  ■ 
F.  <  Guy  attachment  holes. 

V.     Test:  None. 


INSTRUCTOR  ACTIVITY 
II .FT*  Show  mechanical  gain, 


CE  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


33-1 


/si 


.1 


CE  "A"  IC  .1.3 
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SAVAL  CONSTRUCTION  TRAINING  CENTER- 
PORT  HL'ENEME,  CALIFORNIA  9304-3 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING'  COURSE  A-7M-0013 


Classif ication:  Unclassified 
Topic:     Erecting  and  Setting  Poles 

Average  Time:     2  Periods  (Class),   7  Periods  (Pract) 
Instructional  Materials: 
A.  Texts: 
1. 


B. 
C. 


ERIC 


2. 


Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  9. 

Lineman's  and  Cableman's  Handbook,  4th 
edition,   Kurtz,  UcGraw-Hill  Book  Co., 
New  York,  N.Y. 


References:  None. 

Tools,   Equipment  and  Material 

1.  Tools: 

a . 
b, 

c.     Straight  shovel. 
(I.     Spoon  shovel, 
e.     Tamping  bar. 
I        f .     Pike  poles. 


Digging  bar. 

MD"  handled  shovel 
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Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  install  an  overhead  dis- 
tributioiv<system  rated  up  to  5000  volts  and  operate 
alternating  current  generators  up  to  200  KW,  singly 
or  in  parallel.    Installation  and  operation  will  be 
performed  in  accordance  with  appropriate  job  sheets. 

Enabling  Objectives:    Upon,  completion  of  this  topic 
the  student  will  have  witnessed  the  installation  of 
a  framed,  power  pole  using  an  earth  auger  and- line  ■ 
truck,  and  will  be  able  to  perform  as  a  crew  member  the 
piking  method  of  raising  and  setting  a  35  foot  power' 
pole.    Practical  performance  will  be  done  without 
error  in.  accordance  with  the  Job  Sheet  CE  "A,#  JS  2.1.3.1, 
Erecting  and  Setting  Power  Holes". 

Criterion  Test:    The  student  will  be  evaluated  upon 
his  assigned  task  as  a  crew  member  in  erecting  and 
setting  a  pole.    Ali  work  will  be  100%  correct. 

+t  ■ > 

Homework:  -Read: 

L.    Lineman's  and  Cableman's  Handbook: 

a.  Section  4,  pp.  4-12  thru  4-20. 

b.  Section  4,  pp.  4-24  thru  1-30. 

-    v        c.    SecLion  13,*  pp.  1  i-1  thru  13-10. 

J.    Section  -'#5 ,  pp.  41-10  thru  45-15. 
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g»     Cant  hooks* 
'         h*     Carrying  hooks* 

i.     Sighting  rod. 
.2.  Equipment: 

a.  Line  truck* 

b.  Earth  auger* 
3.  Materials: 

«    a..    35  foot  pole. 

,b.     Butt  board,  2"  x  12"  x  8'. 

D.  Training  Aids  and  Devices: 

1\  .Films:  ■ 

a.     MA-5741-A2,  "Erecting  Large  Poles" 
(21  rain.). 

2.     Locally  Prepared  Materials. 

a*     Job  sheet* 

(1)     CE  MAH  CJS  2*1*3*1,  "Erecting  and 
Setting  Power  Poles". 
.  •<* 

E.  Training  Aids  Equipment: 

1.     16mm  movie  projector. 
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OUTLINE  OF  INSTRUCTION  % 

I.    Introduction  to  the  lesson.— 
A*    Establish  contact, 

1.  Name:  ,  *~\ 

2.  Topic:    Ejecting  and  Setting  Poles. 

B.  .  Kstablisn  readiness., 

1 .    Purpose • 
... — 2.    Assignment  . 

C.  Establish  effect. 

1.  Value. 

a.  Pass  course. t 

b.  Perform  better  on  the  job. 
*            c .  *  Get  advanced . 

d.  .  Be  a  better  Construction  Electrician. 

D.  Overview: 

.      I.    -lob  sheet. 

2.  Terms  and  definitions. 

■*  . 

i.    Steps  of  procedure ♦ 


INSTRUCTOR  ACTIVITY 


I.A,    Introduce  self  and  topic. 


CE  "A"  IC  2.1.3 
STUDENT  ACTIVITY 


I.'B.    Motivate  student, 


I*C«  Bring  out  need  and  value 
of  material  beins  presented. 


I.I).    Scate  learning  objectives. 

*  1.    State  information  and 
materials  necessary. to  guide 
student. 


0-7LIXE  OF  INSTRUCTION  .  . 

II.  Presentation. 

.   A.     Introduce  job  sheet  and  filr.. 


1.    CE  >M  JS  2.1%J.i;  "Erecting  and 
Setting-  Poles". 


2.  MA-5741-A2,  ^'Erecting  Large  Poles". 
Steps  of  procedure. 

1.    Pole  hole. 

i 

a.    Depth  -  calculation  shall  be  in 
accordance  with  length  of  pole 
and  type  of  soil. 


\ 


INSTRUCTOR.  ACTIVITY 


CE  "A" 
STUDENT 


IG  2.1.3 
ACTIVITY 


II. A.  Pass  out  CE  "A"  JS  2.1.3. 
"Erecting  and  Setting  Poles" 


II. A. 1.  Define  the  terms  used\ 
In  setting  a  pole. 


1. 


11. A. 2.    Show  film. 


(L)    In  rocky  soil  -  in  accordance 
with  the  recommendations  out- 
lined in  the  Lineman's  and 
Cableman's  Handbook,  page 
11-2. 

(2)    In  sandy  or  swampy  soil*  -  in 
accordance  with  the  procedures 
'* outlined  in  the  Lineman's  and 
Cableman's  Handbook,  pa*e 
11-3. 

b.     Diameter  -  6"  greater  than  the 

diameter  of  the  pole  at  the  butt. 

\ 

\         *  (4  12) 


H.B.l.a*    Show  example  on 
chalkboard:    AO  foot  pole  in 
normal  soil:  -10%  of  the  pole 
length  and  add  2  feet.  Minimum 
depth  5  feet.    10%  of  40.-  U 
feet  f  2  feet  *  6  feet  required 
-'for  depth  of  hole. 

II.B.l.a. (1)    Review  - inf orma  t  ion 
in  Lineman's  and  Cableman's 
Handbook*. 


II.B.l.a.  (2)    Review  iiilormatiou 
In.  Lineman 1  s  and  Cableman's. 
Handbook. 


II. A. 2.    View  film. 


320 


OUTLIKE  OF  INSTRUCTION 


4 


2.    Digging  trench  to  pole  hole. 

*  a.    Trench  is  required  to  easily 

accomodate  the  width  of  the) pole, 


b.    Length  and  depth  of  trench  will 
.  vary  according  to  size  of  pole. 

3.    Setting  pole  in  hole. 

a.    Assign  numbers  1  -  10  to 

piking  crew* and  crew  leader. 

(1)    i'l  -  6  "Pikers". 

(2.)    in  "Jenny  Operator". 

"Cant  Hook  Operator". 


(3)  '8 

(4)  i;9 

(5)  no 


"Butt-Board  Man'-'. 


'Crew  Leader". 


ff*. 


INSTRUCTOR  ACTIVITY 

II.B.2.a.    Sketch  on  chalkboard. 
1 


10 


1 

3' 
1 

*• 

11. B. 3.  Refer  to  Lineman's  and 
Cableman's  Handbook,  pages  11-9 
to  11-12  for  piking  method,  and 
table  outline  of  how  the  size 
of  the  piking  crew  depends  upon 
the  length  and  weight  of  the 
pole  to  be  raised. 


b.    ;'9.v:Ul  position  butt  board  in  hole. 


1I.B.3.I).  Sketch  on  chalkboard. 
 ,  Burr  rkAltP 
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CE  "A"  IG  2.1.3 
STUDENT  ACTIVITY 


IJ.B.2.a..  Depth  of 
hole  will  be  within 
±  6  inches.  Diameter 
of  hole  will  be  within 
+  6  inches  to  +  9 
inches  of  pole  diameter* 


II.B.3.b.    no  will 
ensure  that  board  is  * 
properly  positioned  in 
the  bottom  of  *.the 
hole. 


341* 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


#10  will  issue  command'  to  SJ  1  -  6  to 
place  pole  in  trench  with  butt  of 
pole  against  the  butt-bcv»rd. 

CD    pi  -  6  will  use  3  carrying  hooks 
to  place' pole  in  trench. 

#10  will  issue  command  to  f/1  -  6  to 
raise  end  of  pole  by  hand,  and  i>7 
to  place  "Jenny"  under  the  pole  for, 
support. 

#10  will  issue  command  to  position 
pikes. 


f.    Raise  pole  upon  command  until -rear 
pikers  91  and  «  yell' "High  Pike". 
Stop  "raising  pole  and  allow  "7  to 
move  forward  with  "jenny  under  pole 
to  new  position.  , 


II.B..3'.e.    Sketch  on  chalkboard. 


CANT 
HOOKS 


CE  "A"  IG  2-.  1.3 
STUDENT  ACTIVITY 


II.B.3.d,    All  commands 
shall  be  stated  100% 
correct. 


HOLC 


g.    With  jenny  repositioned,  35  and  £6 

will  repike  their  poles  (one  at  a  time).  The  other 
men  will  follow. in  order  until  all  the  J>ikes  are  lowered. 
#10  issue  command  to  raise  pole  until  "High  .Pike"  is 
yelled  by  rear  pikers.    Follow  the  piking  procedures 
until  pole  settles  in  the  hole. 


(1)     #8  will  reposition  cant  hooks  as 
pole  decends  further  into  the 
hole. 

(6  o:  11) 


3*3 


OLTLISE  Of  INSTRUCT ION 
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(2)  H9  ensures  that  butt-board 
does  not  bind  the  pole  by 
becoming  cocked  in  the  hole. 

(3)  j/10  will  align  the  pole  by 
informing  r/8  to  turn  the  pole 
so  that  it  is  properly  faced. 

(a)  Dead-ends.  - 

1.  Dead-end  poles  face 
dead-end. 

2.  ( Adjacent  poles  also 

face  dead-end. 

(b)  Straight  lines.  * 

1^_    Back  co  back  and 
gain  to  gain. 


(c)     Curved  lines*  ** 

1 .     All  poles  face 
cent er  of  cu rve . 


[d)       Angle  lines . 


INSTRUCTOR  ACTIVITY 


II.B.3.g.(3)(a)  Sketch  on 
chalkboard.  "  1 


1  *     Angle  pole  bisects 
ttre  angle. 

2 .     Adjacent  poles  face 
angle. 


II.B.3.g.(3)(b)  , Sketch  on 
chalkboard. 

#:  # 

II.B.3.g.(3)(c)  Sketch  on 
/  chalkboard. 

II.B.3.g.(3)(d)  Sketch  on 
chalkboard . 

N 


CE  "A"  IG  2.1.3 
STUDENf  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY , 


(e)  Corners* 

1*     Same  as  dead-end 


L  


II.B.3,g,(3)(e)  Sketch  on 
chalkboard;  1 

.1 

corner  is  really  two  I        *  I  i 

dead-ends  90°  displaced . 


poles,   because  a  90 


4 


(f)  Steep  grades.' 

1.     Pace  up  hill 


II.B.3.g,(3)(f)  Sketch  on 
chalkboard. 


CE  MAM  IG  2.1/3 
STUDENT  ACTIVITY 


(g)  Crossings . 

!•     Shorter  than  average 
span  length.  . 

a •     Adj  acent  poles 
face  crossing. 

2 .     Longer  than  a^y^rage 


span  lengthjj; 

a .  Adjacent  Lpoles 
face  -away  from 
crossing 


H.B.3.g.(3)(g)  Sketch  on 
chalkboard. 

1 


*•  ISO 


to 


!  H    11  I 


i  r.b.  j.g,  (3)(g)2^  Sketch  on 
*   chalkboard . 


150  ~J—  ... 


1  i  1 


3CC        —  . — j —  i*5o* — f 


9 
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313. 


'(4),   t/9  and  #10  will  use  a  pike 

pole  held  vertically  with  the 
pSint  in- the  ground,  positioned 
^proximately  30  feet  from  *he 
jtple  so  that  alignment  can  "be 
determined'  from  2  positions, 
90°  apart. 


INSTRUCTOR  ACTIVITY 


H.B.3.g.(4) 
.chalkboard* 


(5)    n  -  H  will  set  the  bottom 
of  their  pike  poles  firmly 
on  the  ground  90°  apart  around 
the  pole  with  pikes  in  the 
pole  (all  4 .at  same  level) * 

4.   Backfill  and  tamp  dirt  in  hole  around 
pole*. 


a.  #9  will  shovel  dirt  into  hole. 

b.  #5  and  #6  will  tamp. 

c     Pikers  H  -  #4  wilj.  remove 
aligning  pikes  when   1/2  the 
hole  Is  filled  and  tamped* 

5.   Setting  framed  pole  with  earth  auger! 
and  line  truck. 


CE  "A"  IG  2.1.3 
STUDENT  ACTIVITY,- 

.'lI.B.3<g.<4)    30f  can 
be  stepped  off  with  10 
normal  walking  steps/ 


< 


kPou£ 


II  ♦  B.4.     insure,  that  ALL'  the  dirt 
is  firmly  compacted  back  in  the 
.hole/ 

II.B.4.a.     Vertical  position  of 
pole  and  gain  direction  will  be  100% 
100%  correct . 


II*  B .5  Demonstrate: 
Operating' Characteristics 
of  the  earth  auger  and 
line  truck..  Stress:  all 
safety  precautious. 
(9  of  12) 


Studerits  will 
lender  assistanCe^hen 
required  by  the 
instructor'. 


.OUTLINE  OF  INSTRUCTION 


m 


350 


a.  Excavate  hole  with  earth  auger, 

*  »% 

(1)  Determiue  exact  location  for 
pole  hole. 

(2)  Position  auger  above  pole 
location  and  align  boom  with 
ve/tical  and  horizontal  levels. 

Excavate  hole  to  a  depth  of 
1/2  feet. 

b.  Rosition  pole  at  pole  hole  with 
ine  truck,  ^ 

(1)  Determine 'epproximate  balance 
point  slightly  above  mid- 
point of  pole. 

(2)  Attach  winch  cable  around  pole 
and  raise  approximately  3  to 
4  feet. 

i 

(3)  Place  pole  alongside  of  the 
hole  so  that  the  balance 

\       point  and  the  center  of  the 
t    hole  are  in  line. 

Raise  and  set  pole  with  the  line 
truck  "A"  frame.  , 

(1)    Operate  winch  lever  to  release 
winch  cable.  T' 


■ 


INSTRUCTOR  ACTIVITY 


1 1 • B . 5 , a .    Demons  t rate :    Al ign 
pole  location  with  other  poles 
in  pole  line,  and  how  to  use 
tKie  earth  auger  to  excavate  hole. 


II.B.S.b.  i  Demonstrate:    Use  of 
line  truck  in  picking  up  and 
positioning  pole  at  pole  hole. 


II.B.5.C. (1)  Demonstrate: 
Releasing  winch  cable. 


CE  "A"  IG  2.1.3 
STUDENT  ACTIVITY 


(10  of  12) 


tI,B.5.c.(l)    With  tag 
line  attached  Lo  the. 
eye  of  the  cable, 
maintain  tension  hs 
cable  is  lowered. 
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OUTLINE  OF  INSTRUC1  ION 


X 


(2)    Attach  winch  cable  slightly 
above  former  balance  point. 


(3)    Operate  winch  in  the  raise 
position* 


(4)    Position  the  pole  over  the 
hole/ 


(5)    Lower  the  pole  in  the.  hole. 


(b)    Align  the  pole  and  backfill, 


(7;    Secure  all  equipment"  in  the 
parking  area. 

ill.    Application.  > 

I.    Student  pjpnctico  erecting  and  setting 
p.>les. 

IV.    Niu:,in.Ai#v*  s 
I.     Job  sheet. 
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N INSTRUCTOR  ACTIVITY 

/  * 


"A"  IG  2.1.3 


1L.B.5 .c. (3)  Demonstrate: 
Removing  cable  slack  and 
raising  the  pole'. 

II«B;f>.c.  (A)  ,  Demonstrate: 
Raise  butt, of  pole  to  approx- 
imately^! fpot  above  the 
ground.  ^Position  butt  of  pole, 
directly  over  the  hole. 

IT .B.5.C. (5)  Demonstrate: 
Lowering  of  pole  by  operating 
the  winch  control. 

II.B.5.c.(6)    Position  four 
students  with  pike,  poles,  at 
90°  intervals  around  the  pole 
and  align  pole  with  one  eant- 
hook  operator.  v 


CE 

STUDENT  ACTIVITY 

II.B.5.c.(2)  Follow 
instructor's  directions 
as  to  where  and  how  to 
attach  MJM  hook  and 
cable . 

II.B.5.c.(3)  Stand 
aside  while  pole  is 
being  raised. _ 


ui  of  12) 
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OUTLINE  OF  fNSfRUCTION 

.  2.    Steps  of  procedure* 
Pole  hole. 


a, 


digging  trench  to  polo  hole. 

Setting  j>oie  in  hole.  . 

Backfill  and&tamp  dirt  in;  hole 
a round  pole.  * 


V.    Test:  None, 


INSTRUCTOR  ACTIVITY 


Ui  "A"  I' 
STUDENT*4  A  v 
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CE  MA"  IG  2.1.4 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOC  TRAINING  COURSE  A-721-0018 


Classification;  Unclassified 
•-  i 
Topic:    Mounting  Crossarms,  Pins  and  Insulators 


Terminal  Objective:    Upon  completion^  this  unit 
the  student  will  be  able  to  install  an  overhead 
Average  Time:    2  Periods  (Class),  13  Periods  (Pract)    distribution  system  rated  up  to  5000  volts,  and 

operate  alternating  current  generators  up  to  200  KW 


Instructional  Materials: 
i 

A.    Texts:  * 

1.  Construction  Electrician  3  &  2, 
NAVPERS  10636-G,  chapter  9. 

2.  Lineman's  and  Cableman's  Handbook,  4th 
edition,  Kurtz,  McGraw-Uill  Book  Co., 
New  York,  K.Y. 

0.    References:  None. 

C,    Tools,  Equipment  and  Materials: 

1.  Lineman's  tool  kit. 

2.  Climbing  gear. 
3..x  Handline. 

4.    Additional  line  material  as -listed  in 
MAVFAG  DWG  U0983L. 


singly  or  in  parallel.    Installation  and  operation 
will  be  performed  in  accordance  with  appropriate      *  -  *» 
job  sheets. 

Enabling  Objectives:  *  Upon  completion  of  this  topic 
the  student  will  be  able  to  mount  single  and  double 
crossarms,  and  install  pins  and  insulators  on-  the  35' 
foot  poles  in  accordance  with  Job  Sheet  CE  "A"  JS  . 
2.1.4.1,  'hunting  Crossarms,  Pins  and  Insulators". 
Steps  of  procedure  must  be  100%  correct. 

Criterion  Test :    The  student  will  assemble  and  mount 
crossarms  on  a  pole.    Installations  will  be"100%  correct, 

* 

Homework:  Read: 

1.    Lineman's  and  Cableman's  Handbook: 
a.    Section  4,  pp\  4-21  thru  4-23. 
.  b.    Section  12,  pp.  12-1  thru  12-31. 
c.    Section  45,  pp.  45-19  thru  45-21. 


or:-* 
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I).    Training  Aids  and  Devices: 

1.    Locally  Prepared  Material. 

a.  Crossarm  and  .Hardware  display". 

b.  Job  Shee£. 

(1)    CE  "A"  JS  2.1.4.1,  "Mounting 

Crossarms,  Pins  and  Insulators". 

K.    Training  Aids  Equipment:  None. 


3*o- 

v  o 


.  (2  o'L  2v) 


CE  "A"  1G  2.1. A 


I- 
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OUTLINE  OF,  INSTRUCTION 

I.    Introduction  to  the  lesson. 

A.  Kstablish  contact. 
\ .    Name : 

2,    Topic:    Mounting  Crossarms,  Pins  and 
^.  Insulators. 

B.  Establish  readiness^ 
^    I.  Purpose. 

1.  Assignment. 

C.  Establish  effect. 
1.  Value.| 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced, 

*  d.    Be  a  better  Construction 
Electrician. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


c&3 


CE  "A" 
STUDENT 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


Overview: 
1.     Job  Sheet. 

^.    JMaterials  required  -  Single  arm. 

3.     Steps  of  procedure  -  Single  arm. 

4..   Materials  required  r  Double  arm. 

5.  Steps  of  procedure  -  Double  arm. 

6.  Questions.  (3  of  20) 


I.D.    State  learning  objectives. 


IG  2a. 4 
ACTIVIT 


3G1 


7 


/ 


/  .  ' 

OUTLIKE  OF  INSTRUCTION  *  INSTRUCTOR  ACTIVITY 

~7      —  ~~  — 

II.    Presentation.  * 

/  " 
-  -/A.  "  Introduce  job  sheet.  ? 

/  •  •  '  ■ 

1.    CE  "A"  JS  2.1.4.1,  "Mounting  Crossarms, 
/  -  Tins  ant}  Insulators". < 

5.    Materials  Required  -  Single  arm  installation.  II. B.    Introduce  crossarra, 

identify  top  and  bottom  of  arm. 

i.(  Crossarm. 

4.    One  each. 


2.    Hechanical  gain 

a.    One  each. 
?.    Flat  braces. 

a.  Two  each-. 

b.  28". 

<l.     Brace  bolts.  . 
a.    Two  each.. 


II.B.2.  Introduce  mechanical 
gain. 


II. B. 3.    Introduce  flat  braces. 
Note  two  hole  sizes,  7/16" °and 
9/16".  . 


II. B. 4.    Introduce  brace  bolts. 


b.    3/8"  x  4  1/2". 

Spring  washers. 

3.    J/8"  diameter  bolt. 

(1)    Two  each, 
h.    S/81'  diameter  bolt, 
v       (L)    five  each. 


CE  "A"  2.1.4 
STUDENT  ACTIVITY 


II.  B.  Observe  mater- 
ials as  introduced  in 
demonstrations'/ 


II. B. 5.    Introduce  spring  washers. 


(4  oL  20) 
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-UUTLIME  OF  INSTRUCTION 
 1  1  "~ 

6.  Through-bolt,  static-proof . 
a,    5/8"  diameter. 

b".  Length. 

-  —  —- (i)    Diameter  of  pole  at  gain 

plus  4M. 

c.    One  each. 

7.  Square  washer,  flat. 

a.  '5/8"  diameter  bolt. 

b.  Five  each. 
3.    Lag  screw.   '  ' 

"a.    1/?"  diameter. 
<b.    One  each. 
1.     ^in,  'insulator  • 

a.  1"  lead  thread  for  -insulator . 

b.  One  each. 

10.    Insulator,  pin  type. 

j 

a.  1"  thread  diameter. 

b.  One  each. 


II.     :u<i,  lino  post  insulator. 
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CE  "A"  IG  2.1.4 

INSTRUCTOR  ACTIVITY"  STUDENT  ACTIVITY 

II. B. 6.    Introduce  bolt  and 
demonstrate  how  to  determine 

propfer  length.  _____  -  


)  ~,  II.B.6.b.  (1)'  End  of  bolt  must 
not  extend  past  the  outer  roost 
nut  more  than  2". 

\ 

II.B.7.    Introduce  washer. 


II.B.8.    Introduce  Lag  screw. 


II.B.9.    Introduce  pin. 


II.B.10.    Introduce  insulator 
and  demonstrate  how  to  assemble 
to  pin. 


ll.H.ll,    Introduce  stud 


(5  of  20) 
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OUTLINE  OF  INSTRUCTION  * 

a.  3/4M  .thread  for  insulator. 

b.  5/8M  thread  shank. 

c.  Three  each. 

12.     Insulator  line  post,  tie  top. 
a.    3/4"  thread  for  stud, 
o'  b.    Three  each. 

C.    Steps  of  procedure  —  single  arm. 

1.  Determine  length  of  through  bolt. 

a.    Diameter  of  pole  at  gain,  plus  4". 

2.  Prepare  crossarm. 

a.  Install  brace,  bolts  in  .crossarm 
from  back  side. 

b.  Install  flat  braces  over  end  of 
brace  bolts. 

c.  Install  3/81!  diameter  spring 
washers  on  brace  bolts  over  flat 
brace. 

U)    SNUG  3/8"  nut  oh  brace  bolts. 
♦         Do-Not  tighten  at  this  time. 

d.  *  Rotate  fiat  braces  towards  center 

of- c»ossarm,  to  facilitate 
hairdLing. 


INSTRUCTOR  ACTIVITY 


II.B.12.    Introduce  insulator 
and  demonstrate  how  to  asstimbh 
to  stud.  ' 


II. C.  Demonstrate  measuring 
diameter  of  pole  at  gain. 


II.C.2.a.  Demonstrate  instal- 
lation of  bolts. 

II.C.2.b.  Demonstrate  instal- 
lation of  braces. 

II.C.2,c.  Demonstrate  instal- 
lation of  spring  washers. 


lI.C.2.d.  Demonstrate>  rotating 
braces.  » 


(6  of  20)  ■ 


OUTLINE  OF  INSTRUCTION 


3.    Linemen's  position. 

a.  Lineman  ascend  pole  and  belt- 
off  just  below  and  facing  the 
■gain. 


Attach 
U)  Ti 


b.    Attach  handline  to  pple. 
Timber  hitch. 


INSTRUCTOR  ACTIVITY 


II.C.3*    Stress:  Linemah's 
position  on  pole  facing/gain 
with  safety  belt  even  ijfrith  the 
bottom  of  the  gain,  / 


CE  "A'!  IG  2.1.4 
STUDENT  ACTIVITY 


4.  Insert  through-bolt  in  pole. 

a.  Croundman:    Send  the  proper  length 
static-proof  bolt  aloft,  via  the 
grunt1  s  bag*. 

b.  Lineman:    Insert  bolt  from  back  of 
pole. 

* 

5.  Send  crossarm  aloft. 

a.    Ensure  arm- is  sent  aloft  so  that* the 
McopM  of  the  arm  will  face  up,  and 
that  the  braces  will  be  next  to  the 
pole. 

*  — 

o.    Linemen  receives  crossarnf. 

„      a.    Linemen:    Place *crossarm  on  safety 
0  strap. 

(1)  Crtfundman  raises  arm  with  hand- 
line.  * 

(2)  Liueifign  guide  ijrm  onto  your 
safety  beJt. 


II.C.A.b*    Demonstrate  insertioh. 


(7  of  20) 
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OUTLINE  OF  INSTRUCTION 


7.  '*  Install  mechanical  gain. 

a.    Install  mechanical  gain,;on,  pro- 
-  truding  through  bolU 

(1)    Concave  side  Cowards  pole. 

i.    Position  crossarm  on  pole.  * 

a.    Rotate  flat  braces  down  away 
*        from  the  through-bolt  hole. 

T  / 
d •    Guide  crossarm  over  through  bolt. 

9.    Secure  crossarm  in  position. 


a*.    Install  a  square  washer  on         ( „ 
through-bolt.  « 

b".    Install  a  .5 /8fl0  spring  washer  on 
through-bo]  t ." 

c.  Install  a  5/8"  nut,  tighten  till 
nut -just  contacts  the  spring 
washer. 

d.  Remove  the  clove  ,  hitch  from 
crossarm.     -  l/ 

e.  Align  crossarm. 


*4 


(1)    Using  a  screwdriver,  move 
the  mechanical  gain  to  the 
x      right  or  left;  so  that  the. 
\    'arm  is^at  90°  to  the  direc- 
tion of- the  line.      -  \ 


INSTRUCTOR  ACTIVITY 


CE  "A"  ^  2.1.4 
STUDENT  ACTIVITY 


I 

lI.C.7.a.    Demonstrate  proper 
installation  of  mechanical  gain. 


II.C.8.  Demonstrate  positioning 
crossarm  on  pole. 


LLC. 9,  Demonstrate  securing  the 
crossarm  in  position. 


II.C.9.C.  Demonstrate  tightening 
nut. 


ILC«9.e.    Sketch  on  chalkboard, 


/  • 


F 


no 
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OUTLINE  OF  INSTRUCTION         —  " 
f.    Level  crossarra. 


INSTRUCTOR  ACTIVITY 


CE  "A"  2.1 .4* 
STUDENT  ACTIVITY 


i ... 
ERLC 


(1)  Put  a  24"  level  on  top  of  arm 
and  level. 

(2)  Tighten1  the  through-bolt  nut 

*  all  the  way .down,  with  a  line- 
man's wrench  then  back  off 
1/4  turn  or- 90°. 

g.    Attach  flat  braces  to  pole. 

(1)    Bring  the  two  flat  braces 
together  on- face  of  pole. 


II.C.9.g.  Demonstrate  bringing' 
flat^  braces  together. 


(2)    Drive  a  lag  screw  . into  the; 9/16"  II.C.9.g.(2)    Demonstrate  las 


holes  and  on  into  the  pole; 
all  except  the  last  1/2"  that 
must  be  screwed  in  using  a 
wrench. 

h.    Secure  fla't  braces  to  c^rosscirm. 

(1)  Using  a  "lineman's* wrench", 
tighten  the  nuts  on  brace 
bolts  till  the  spring  washers 
are  fully  compressed.  ^ 

(2)  Back  nut  off  1/4  turn  or  90°. 
*10.    Installation  of  insulators.  * 


screw  installation. 


\ 


II.C10.al 


a.    Groundman  7  assemble  line  post  and*      II.C10.a3,    Demonstrate  how  to 
pinV-type  insulators  as^ per  instruc-     assemble  a  line  post  an<i  pin- 
tor  demonstration.        \  type  insulator. 


\  \ 


\ 
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OUTLINE  OF  INSTRUCTION • 


b.    Groundman  t  Send  assembled  insul- 
ators aloft  via  the  "grunt's  bag". 

(I)    One  in  bag  at  a  time-  , 


c. 


Lineman  -  Receive  insulators  via 
handline,  insert  assembled  insul- 
ators into  pin  lioles  as  per 
instructor  location. 

Rotate  insulator  so  that  the  [saddle 
is.  in  the  direction  of  t'he  line. 


e.  Install  a  5/8"  flat  washer  on  , 
line-post  studs  on  bottom  side 
of  crossarra. 

(1V^  Square  with  arm. 

f.  Install  a  5/8"  spring  washer- on 
Studs. 


Install  5/8"  nut  and  tighten 
till  spring  washer?  are  fully 
1  f  compressed.  i  | 

h.     Back  off  nut  1/4  tuln  or  90°. 

D.    Materials  required  for  double  arm  dead- 
end . 


1,  I  Crossarm.  - 
a.  'Iwo  each. 


INSTRUCTOR  ACTIVITY 


CF.  "A 
STUDEN'l 


II . C . 10 ♦ c .  Demonstrate 
insertion. 


II.C.10-d.  Demonstrate  proper 
position  of  insulator  to  line 


conductor • 


II X.  10.2.  ;  Demonstrate  instal- 
lation of  washer. 


ll.C.lO.f.    Demonstrate  instal- 
lation of  spring  washer. 

II • C .10 . g .    Demons t rate  t  igbtening 
of  nut. 

Il.C.lO.h.    Demonstrate  90°  back  off, 
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OUTLINE  OF  INSTRUCTION 

2.  Mechanical  gain, 

■ 

a.  One  each, 

3.  Flat,  brace:?. 

.    .i    as    Four  each. 

b.  28M  long}. 

4.  |  Brace  bolts. 
,  a.  I  Four  each." 

5.  Spring  washers, 
a.    5/3"  diapter  bolt. 

(i)     Five  each. 
i>.     3/B"  diameLer  boll. 
(1)     Four  each. 

6.1    Througl^bolt,  static-proof. 

I 

a.  5/8"  diameter. 

b.  Length. 

(1)    Diameter  oi  pole  at  gain 
plus  8". * 

i 

cv  -One  inch.  I 
7 «    L«i|ij  .iwi'i'W . 

l/>"  a  4".  ; 
i*.     it-  *  v  j.:hj  «■  i  _ 


INSTRUCTOR  ACTIVITY 


II. D. 6.    Introduce  bolt. 


II. D. 7.    Introduce  lag  screw. 


(LI  o£  20) 
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STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 


{  ^  8.    Double-arming  eye  bolt, 
j  a.    5/8M  diameter. 


INSTRUCTOR  ACTIVITY 

II. D. 3.    Introduce  bolt. 


CE  MAM  IG  2. JL.4 
STUDENT  ACTIVITY 


1-' 


/       b.    Length. - 

'     .      -  .1 

,  (L)    Diameter  of  pole  at  gain  plus  8M. 

c.    Four  each. 

(li    One  for  each  conductor  to' be 
dead-ended. 

9.    Square  washer.  1 

a,  5/8"  diameter  bolt. 

b.  Five  each. 
10.    Washer  nut. 


It.bjO.'    Introduce  washer  nut 


a.    5/3"  diameter  bolt, 
b*.    Eight  each. 
1 1 .    Insulator,  suspension . 
a.    6M  diameter. 


b.    Seven  each.  * 

■J 

(IK  One  per  neutr.il  conductor^ 
,  (2)1   Two  per  phalse  conductor. 


;II.l)'.Il.     Introduce  insulator. 


Pin,  insulator. 
One  eaj:h. 


Cli  ff  20) 
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OUTLINE  OF  INSTRUCTION 

13.  >  Insulator,  pin. 

s  a..   One  each. 
.14.    Stud  line  post. 

a.    One  each. 
15.     Insulator  line  post, 
a.    One  »;ach. 

K.    Steps  of  procedure  -  40u^^e  arm-  dead-end, 

\  . 

J.    Determine  length  of  through-bolt  and 
D.A.  bobts^- 

a.    Measure  diameter  of  pole  at;  gain. 
\  ,      b.    Add  8"  to  this  distance.  / 


^Install  a  washer -nut  on  e*ch  D.A.  eye 
k»Lt. 


a.    Nut  faces  eye  of  -bolt, 


b.  Installed  t^iH  lengt 
Prepare  first  erossarm 


tii  of  -threads  • 


I 

Instructor  activity 


CE/V  IG  2.1.4 
STUDENT  ACTIVITY 


of  gain. 


Demonstrate  measuring 


11. E. 2.  Demonstrate  installation 
of  {washer-nut  on  eye  bolt.  , 


a.    Install  tl^ough-bolt  in  proper  .  Il.E.3.a.    Demonstrate  installation 

.hole.  ^     of  through-bolt  and  installation 

j\  of  washer,  spring' and  nut.  1 


\(l)     fnstalJ  a  flat  washer  on 


holt. 


(2)     Install  a  r>/yH  spring  ^asht-r  . 


3c 


I) 


».  (13  o£  20). 
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OUTLINE  OF  ^INSTRUCTION 


i 


(3)    Install^  ^5/8M  nut- on  bolt. 

b.    Insert  do.uble-acm  eye  bolts  in 
proper  hplcs. 

(1)    Install  a -flat  washer  oti  - 
D.A.  bolt. 

,  (2)    Install  a  5/8M  spring  washer 
on  D.A.  bolt. 

/     -  "     ,  \ 
(3^    Install  5/8,!  uut  and  tighter. 

f\  '  (a)  Two  D.A.  eye  bolts  next 
>  \  to  through  bolt. 

/ 

(A)  Install  5/8M  nut  towithin  - 


6W  of  crossarm <f ace . 

(a)    Two  outside  D.A.  eye 
bolts. 


c./    Attach  flat  braces. 

*      .  ** 
(1*)    Install  brace  bolts  in  cross- 

|         "  atm  from  back  side. 

i      .  *  t 

j    (2)    Install  flat  bracetl  over  end- 

I  of  brace  bolts.  •  £ 


(3)  \   Install  3/8"  diameter  spring 

washers  on  brace  bolts. 

(4)  Install  3/8M  nut  on  brace 
bolt^. 

-  (a)    Snug,  not  tight. 


v 


INSTRUCTOR  ACTIVITY 


■    \    ■        ..  \ 

11  A. 3. b. .  Demonstrate  instal- \ 
lation  of  eye  bolt. 


STUDENT  ACTIVITY 


II.E.3.c.(2)  Stress:  Use  7/J6" 
diameter  hole. 


\ 


(U  ol  20) 
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'    .  CE  "A"  IG  2.1.4 

OUTLINE  OF  INSTRUCTION  '»  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(5)    Rotate  braces  towards  center  *  - 

of  arm, 

*  o  K 

d.    Pre-set'5/8"  diameter , bolts  tor  JI.E.3.d.    Demonstrate  pr&per 

.second  crossarm.  installation  of  578"  nuts.  "    -  % 

(1)     Cnstall  a  5/8"  diameter  nut  on 

each  D.A.  eye  bo  IF  ~to^"Tistance  - 
from  the  face  of  the  crossann 

equal  to  the  diameter  o£  the  .  ■  -  

pole  at  the  gain,  minus  one 

inch.  „  " 

(a)    Diameter  of  pole  8'\»  install.   ;   — " 

nut,  on  bolt  to  within  7" 

rof  crossarra  face.  m 
4,    Prepare  second  crossanu.  . 

a.  Install  flat  braces,  snme  as  before.  „ 

t  * 
.5.    Linemen's  position.  II. E. 5.    Illustrate  positions 

.   ;  -  on  chalkboard. 

a*    Lineman  VI  -  ascend  pole  and- belt- 
off  just  below  and  fating  the  gain. 

b.  .Secure  handline. to  polo.   ,  „ 
(1)    Use  timber  hitch. 

*  'O  ' 

c.  Lineman  i/2—  ascenct  pole  and  belt-  o 
*                  off  just  below  the  gain  and  facing 

t.-  the  rirst  lineman,'  '  ■ 

6.    Send  first  crossarm 'aloft  (crossanu 
%wilh  D.A-  eye  bolts). 


a.    Clove  hitch  on  bottom. 

0 
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' OUTLINE  OF  INSTRUCTION- 

b.     Finger  line  on  . top. 

7.  Receiving  first  crbssarra. 
♦ 

a.     Lineman  r>2:    Remove  finger  line  and 
position  crossarm  on  saCety  strap 
-  -   'as__statecL  before-  

8.  Position  first  crossarm. 


•INSTRUCTOR  ACTIVITY  ' 


I£.E.7.a.  Stress:  First  cross- 
arm  goes  on  back  side  of  pole.. 


a. 


•Lineman  #2 :    Remove  uut,  spring 
washer  and  flat  washer  from  through- 
bolt  and  pl.^ce.in  nut  and  bolt  bag 
on  your  belu. 


b.    Xnsert  through-bolt  in  "through- 
bolt"  hole. 


U.K. 8. a.  Stress: 
nuts  and  washers. 

e 


Do  not  «!rop 


II.E.8..b.  Stress:  Do  not  berfd 
bolt* 


CE  "A" 
STUDENT 


10  2.1.4 
ACTIVITY 


c.     Drive  through-holt  through  hole. 

(1)    Vse  lineman's  hammer  if  needed. 

U)    Do  not~bend  bolt.  * 

9.     Install  mechanical  $ain. 

a.    Lineman  gl:    Install  mechanical 
gain  on  protruding  through-bolt. 

(1)    Concave  side  towards  pole. 

10.  Lineman  //I:.   Install  5/8"  spring 
va^'iievs  on  the  four  doubJe-arm  bolts . 

11.  Lineman  >  1:    Install  flat  washers  on 
ihc  iour  double-arm  bolts* " 


U.K. 9. a.  Demonstrate  instal- 
lation oT  mechanical  gain. 


II.E.10.  Stress:  Install  up 
to 'the  preset  5/8"  nut. 

1 1 .  t; .  11 .  Stress :  Insta  I  I  up 
to  tha  spring  washer. 
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OUTLINE  OF  INSTRUCTION 

*  s 

12.  Send  secoud  crossann  aloft. 

a.  Clove  hitch  on  bottom. 

b.  Finger  line  on  top. 

13.  Receiving  second  crossann. 

a.    Lineman  ill:    Removg^ f ingerline  and 
r-        >.       *     position  arm  on  *sa£etv  strap. 

4  -  ^ 

14.  t  Position  second  crossarm.  • 

a.  ^nfiu^n  #1:  ^Place  crossarn:  on/ 
. through-bolt..    * ' 

1ST  Secure  crossarm  assembly  in  position./ 

a.  Lineman  fll;    Install' a  square  washer 
on  through-bolt. 

b.  Install  a  5/8°  sprint;  washer  on  " 
"  "  •     .  LLLOuglvbolt . 

c.  InstaLl  a  5/3n  nut  un  through-bolt. 

(L)  .Tighten  till  nut  contacts 
spring  washer. 


3S3 


d. 

X. 


Remove  handline*  from  second  crossarm. 

Align  crossarm  assembly. 

U)    Using  a  screwdriver,  move  the 
mechanical  gain  to,  the  tight  or 
left  so  that  t no"  arm  assembly  is 
•    'at  90°  to  the* J iivction  of  the 

iilUi. 


INSTRUCTOR  ACTIVITY 
 c  :  


CE  "A"  2.1.4 
'    STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 

f.    Install  D„A.  bolts  tv  second  arm, 

.(1)  .Pass  the  end£  of  the  ti.A.  bolts 
through  the  respective  holes* 

(a)    Start  with  outside  bolts 
.    *  first. 

.  (2)    Lineman  fi:    Install  5/8" 

washer  nuts  on  the  D.A,  bolts 
protruding  from  the  second 
C"  4  arm* 

; 

.  g.    Level  crossarm  assembly, 

(1)    Place  a  24"  level  on  top  of 
second  crossarm  and  level 
assembly. 

i  , ». 

h.  Attach  flat  braces  to  pole. 

(1)  Bring  the  two  flat  braces 
together  on  face  of  pole. 

(2)  Drive  a  lag  screw  into  the 
9/16°  holes  and  on  into  the 
pole,  all  except  the  last  1/2" 
that  must  be  screwed  in  using 
a  wrench. 

i.  Secure  flat  braced  to  crossarm. 

.  (1)  ,  Using  a  "lineman's  wrench" 

-tighten  the  nuts  on  brace  bolts 
tili  the  sprirg  washers  arc 
fully  compressed. 


INSTRUCTOR. ACTIVITY 


CE  "A"  2.1.4- 
STUDENT  ACTIVITY 


! 


.Iit.E.15.f.(l)<a)  Sketch  on 
chalkboard.  9 


POThESE  Fi*ST 


.j 
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OUTLIKE  OF  INSTRUCTION — .  *  k  '      v-  . 

(2)    Back  nut  off  1/4  ,turn  of  90°, 

j~!     j.    Secure  nut  on  through  bolt, 

(1)    Lineman  #1:    Tighten  fully, 

then  back  off  1/4  turn  dr  90°. 

k.    Secure  nuta  on  0«A«  bolts. 


INSTRUCTOR  ACTIVITY 


(1)    Lineman  #2;    Tighten  *th'ev  nuts 
on  inside  of  first  crossarm, 
tighten  fully;*  then  back  off 
1/4  turn  or  90°, 


(2)    Lineman  Iti:  .  Use  a  6f  fol4ing 
rule  and  measure  ttfce  distance 
from  arm  to  arm  next  to'pole. 
v   Now  tighten  or  loosen  the  nuts 
of  Lhe  second  crossarm  till  the 
measurement  at  the  end  of  both 
arms  is  the  same  as  the  measure- 
ment next  to  the  pole/ 


Ifc.    Installation  of  suspension  insulators. 

a:    Croundman:    Assemble  two  6  inch 
suspension  insulators  per  phase 
conductor  and  one  insulator  for  the 
neutral  conductor. 

b.    Groundman ;    Send  ONE  insulator 
assembly  aloft  at  a  time  via  the 
-  "grunt's  Dag". 


II.E, 15.4c, (1)}    Sketch  on 
chalkboard:   ^Tighten  these: 


V 


CE  "A" 
STUDENT 


IG  2.1.4 
ACTIVITY 


II. E. 16. a.    Demonstrate  proper 
way  .to  assemble  insulator.  "All 
cptter  keys  face  the  same 
direction". 


332 
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WTLINE  0F>  INSTRUCTION 

c.    Liueaiau  »'2;    Attach  the  insul3j.or 
assemblies  to  the  D.A.  eye  bolts 
as,  per  instructor  location. 

17.    Installation  of  line- post  and  pin-type 
insulators. 

a.  Install  per  instructor  location. 

b.  Install  as  before.. 


INSTRUCTOR  ACTIVITY 

H.E.lS.c.  Stress:  All  cotter 
pins  must  face  the  pole. 


II. E. 17. a.  Stress:  Needed  only 
to  support  phase  jumpers.' 

II*.E.17.b,  Sketch  on  chalkboard 
how  jumpers  will  be  trained. 


CE  f,An  IC  2.1. A 
STUDENT  ACTIVITY 


III.  Application. 

A.    Student  practice  -  installing  crosfearras, 
pins  and  insulators. 


I\(.  Sunanary. 


A.    Jub  sheet. 


B.  Materials  required*-  single* arm. *    %  » 

I 

C.  Steps  of  procedure  v  single  arm. 

•  ■       .  /  ' 

D.  Mater irvls  required  -  double  arm  "dead-end. 

E.  Seeps  of  procedure  -  double  arm  dead-end/ 
■  *■  > 

Test:    None.  * 


III. A.  Assign  A  jstuderfts  to 
a  pole.       •        ' , i 


III  .A.    Student  practice 
and  complete  assigned 
project  to  required  a* 
standards  of  100% 
correct'.*  * 


J9 1 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA"  93043 

CONSTRUCTION  Ei.ECTRICIAN  "A11  SCHOOL  TRAINING  COURSE^r721-0018 

»   *     »  • 

Classification:  Unclassified 

Topic:    Guying  Poles  *  , 

Terminal  Objective:    Upon  completlblHoF  this  unit  . 

Average  Tice:    2  Periods  (Class) ,  17  Feriods  (Pract)    the  student  will  be  able  to  install  an  overhead  dis- 

tribution  system  rated  up  to  5000  volts;  and  operate 


Instructional  Materials : 

A.  Texts: 

!•    Construction  Electrician  3  &  2%  NAVPERS 
1G636-G,  chapter  9. 

2.     Lineman'1  s  «nd  Cabiemanfs  Handbook,  4th 
edition,  Kurtz;  McGraw-Hill  Book  Co., 
N*?w  York,  K.Y. 

« 

B.  References:  none. 

o 

o 

C.  tools,  Kquipiuunt  and  Materials: 
i.    Tocls  and  equipment: 

a:    Lineman's  tool  kit^ 
1  D*    Climbing  gear.  * 
-  ~   c.    Shove ^. 

4.    Tamping  bar. 
*  Cable  grip. 

f .     Coffin  hoist. 


alternating  current  generators  up  to  200  KW,  singly  or 
in  parallel.   .Installation  and  operation  will  be  - 
performed  in  accordance  with  appropriate  job  sheets. 

Enabling  Objectives:    Upon  completion  of  this  topic  the 
student  will  be  able  to  construct  and  install  guy' 
assemblies  using  the  necessary  tools  and  equipment. " 
Installation  will  be  100%  correct  and  in  accordance 
with  Job  Sheet  CE  "A"  JS  2f.l,5.1,  "Guying  Poles". 

Criterion  Test:    The  student  will  assemble  and  install 
a  guy  assembly  and  an  expanding-type  anchor.  Instal- 
lations will  conform  to  the  tolerance'  outlined  in  the 
job  sheet. 

\ 

Homework:    Read:    Lineman's  and  Cableman's  Handbook* 
section  12,-  pp.  12-1  thru  12-31. 
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 ,   CE  "A"  IG  .1.5  

-\.  :  ~ 

■ 

g- 

e  Strand  vise  hook.  Tr 

h. 

*                                                                                                     r  * 

Auger  truck. 

z 

21.    Material*;?               *  * 

■ 

a. 

Through-bolts .                                  '  ■ 

* 

• 

b. 

Guy  attachments. 

- 

* 

c. 

Preformed  guy  grips. 

-  d. 

Strain  insulators.  - 

-  -  ;• 

ef 

Strand  vise. 

* 

f . 

Expanding-type  anchor. 

* 

Anchoif  rod.  , 

# 

h. 

Guy  wire.     .  • 

* 

U.    Training  Aids  and  Devices: 

I 

'7  - 

1.    Filjns:  —  -                                                                       —  .  .„ 

a. 

.TF-11-2717*  "Pole  Line  Construction,                   .  , 
Part  V,  Installation  of  Anchors"  (12  min.). 

•  b. 

TF-11-2718,  "Pole  Line  Construction, 
Part  VI,  Installation,  of  Gays"  (20  min.). 

»  V 

*  « 

• 

2.    Locally  Prepared  Materials:     

a. 

Guy  and  anchor  display. 

0 

b. 

Job  Sheet-.  * 

;  ERIC 

39S 

(1)    CE  "A"  *JS  2.1.5.1,  "Guying  Poles". 
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E.    Training  Aids  Equipment: 
1.    16am  movie  projector.. 
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OUTLINE  OF  INSTRUCTION 

I.'  Introduction  to  thp  J^sson. 

A.  Establish  contact. 

1.  Name: 

2.  Tfcpic:    Guying  Poles* 

B.  Establish  readiness: 
1*  Purpose* 

.2..  Assignment. 

C.  Establish  effect. 

1.  Value. 

a.  Pass  course. 

b.  Perforin  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Electrician^ 
D?  Overviews 

1.  Job  sheet.*  *. 

2.  Steps  of  procedure. 
'  3.  Questions. 


INSTRUCTOR  ACTIVITY 

I. A..    Introduce  self  and  topic. 

o 


CE  "A" 
STUDEHT 


.IG  2.1.5. 
ACTIVITY 


I.B.  *  Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.^  State  information  and 
materials' necessary  to  guicfe  student. 
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OOlfaiHS  OF  INSTRUCTION'  • 
II.  Presentation. 

A.  Introduce  job  sheet  and  films.  . 

'  I.    CE  "A"  JS  2.1.5.1,  "Guying  Poles". 

2.    TF-11-2717,  "Installation  of 
Anchors". 

o  ■    3.    TP-11-2718,  "Installation  of  Guys". 

B.  '   Steps  of  procedure. 

1.    Digging  in  the. anchor. 

a.  location  of- hole  (distance). 

(1)    Guy  ratio  <!i!Ll,&!i£> 
l*ad 

*  t 

Ideal  ratio':    For  every  fooc 
of  height  there  should  be 
one  foot  of  lead.      ,  *" 

b.  Location  of  hole  (direction). 

(I)    Refer  to  NAVFAC  Dwg.  1109831 
•    for  position. of  pole  in  poJe- 
iine  for  direction  that 
crossarms  will  be  facing. 

.  (2)    Position  hole  using  2  to  1 
5  '  ratio.  . 

 — Dig  hole  using  auger  truck. — - — — 


INSTRUCTOR  ACTIVITY 


CE  "A"  X 
STUDENT  AUIVITY 


II.A.l.    Review  steps  of 
procedure  'outlined  in  the 
job  sheet. 

II.A.2.  Show  film  "Installation  II.A.2, 
of  Anchors". 


View  film. 


II. A. 3.  Show  film  "Installation  II. A. 3.  View  film, 
of  Guys". 


I I.B.I. a.    Sketch  on  chalkboard. 


i;i.B.l.b.(2)    2jo  1  ratio  will 
be  adequate  for  poleline  practical. 
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OUTLINE  OF  INSTRUCTION 


(1)  Position  auger  on  a  45°  angle 
pointing  away  from  the  pole. 

(2)  Depth  of  hole  Will  depend 
upon  the  length  of  anchor  rod. 

EXAMPLE:    5/8"  x  V  rod.  Eye 
of  anchor  rod  shall  be  approx- 
imately 6"  above  ground.  Depth 
of  hole  -  6'  6". 


d.    Install  anchor.*  * 

(1)  Use  expanding- type  anchor  in 
accordance  with*  instructor's 
demonstration. 

(2)  '  Fill  anchor  hole  with  shove- 

ling and  tamping  procedures 
used  for  filling  -pole  holes. 

*  • 

2.    Install  -"malleable  guy  attachment" 
on  pole. 

a~  Select  a  through-bolt  with 

length  required  for  the  diameter 
of  pole  and  guy  attachment.  InstajL? 
lation/gjLll  be  in  accordance  with 
the  guying  detail  outlined «in 
•    NAVFAC  Dwg.  1109831.  -  - 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG\2.1,5 
STUDENT  ACTIVITY 


n.B.l.c.(l)    Instructor  will  IlJi.l.r.'IJ  Observe 

operate  the  auger  truck  following    the  operation  of  the 
all  safety  rules.     *  auger  true?:, 

© 

II. B. I.e. (2)*  Sketch  on  chalk- 
board: > 


\ 


\ 


\ 


\ 


y 

II .B.i.d. (1)  Demonstrate 
installation  of  the  expanding- 
type  anchor. 

II .3 . 1 .d . (2)  Stress :  Opening 
of  anchor  eye  is  facing  the 

■Mill/) 


ground. 


II.B.2.a.  Review,  with  class  the 
detail  in  the  NAVFAC  Dwg. 


9 
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OOTLDiE  OF  INSTRUCTION 


b.    Lineman:    Will  install  the  guy 
attachments'* on  the  pole  9M  below 
top  orossarm  .and  9"  below  second 
crossarm. 

3.    Assemble  Mguy  assembly"  on  the 
ground* 

•-    a*    Calculate  overall  length  of  guy 

assembly  using  Pythagorean  Theorem. 


q2  a  a2  +  B2  or 
*C  -  Va2  +  B2 


INSTRUCTOR  ACTIVITY 


CB  "k"  IG  2.1. 5 
STUDENT  ACTIVITY 


II.B.Z.b.  •  Stress:    Number  of 
*  guy  attachments  depend  upon 
,  location  of  guying  and  guying 
detail  description  outlined 
in  NAVPAC  Dwg*  1109831, 


II.B.3.a.    Sketch  on  chalkboard. 


C 

GiiY 

ASSEMBLY 


"b*    Use  "C"  measurement  for  length  of 
guy  wire.    Cut  required  length, 
ami  cut  pi^ece  in  half. 

c.    Install  "Preformed  Guy  Grips". 

(1)    For  attachment  to  the  pole  - 
on  top  section  of vguy  strand. 

Long  leg  of  guy  grip  shal  l 'be 
applied  first, to  its  entire 
length.    <Aiign  end  of  guy 
strand  with  Mark  -Align 
cross-over  mark  "A"  of  short 
let  with  "A".    Mark  on  long 
leg.    Complete  installation. 


II«B.3.b.    Stress:  Cutting 
strand  in  hi      will  locate  the 
strain  insulator  in  the  middle 
of  the  guy  assembly* 


II»B^3.c.(l)    Sketch  on  chalkboard-r* 


y»  Cftoss-OvCR 
/  MARK  9* 


£HDOF 
GUY  S  TRAMP 

Demonstrate:    Uow  to  install  guy 
grtp  on  a  short  length  of  guy 
strand.  -  0  ■ 


A 


no 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  i  ..1.5 
STUDENT  ACTIVITY 


(2)  For  attachment  to  the  guy 

s  trand  insulator .   Align  end 
*        of  guy  strand  with  Mark  MB'\ 
-  .      wrap  long  leg.    Align  "B"  of  „ 

short  leg  with  "B"  of  long  leg* 
.  _   ^  Complete  Jus tallat ion- — — —  — 

(3)  .  Install  bottom  section  of 

guy  strand  to  strain- insul- 
ator and  complete  guy  grip 
installation  as  illustrated 
in  n.B.3;c.(2)v 

Install  "automatic  dead-end  strand- 
vise*9  on  anchor  rod* 

a*    Disassemble  strand  vise. 

(1)    Remove  "body"  from  "yoke11  and 
seperate  "yoke"  from  "bail". 


II.B.3.c.(2) 
board • 


Sketch  on  chalk- 


Stress;    Ensure  that  tffrost- 
ring"  of  strain  instulator  will 
be  point  down  when  installed. 


n 
n 


LL.    4  .a  9«*  Ske  tch^un»chalkboard  t 


1.0 

c 


b.    Insert  bail  into  eye  of  anchor 
rod  and  reassemble  strand  vise. 

5,    Attach  Mguy  assembly"  to  pole. 


Stress:.  Final  assembly  of  strand 
vise  shouid  have  keeper  90°  from 
bail. 
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OUTLIKE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  I<  .1*5 
STUDENT  ACTIVITY 


a.    Lineman:    Will  ascend  pole,  and 

belt  off  close  to  guy  attachment  and 
receive  the  guy  assembly  via  hand-,; 
line.  ;  :  - 


II.B.5.a.    Demonstrate:  How 
groundraan  will  tie  a  "grunt ;s 
sknot"  in  the  eye  of  the  top 
preformed  guy  grip* 


(1)  Grasp  guy  assembly  with  both 
hands  approximately  4  to  6 
inches  below  the  preformed, 
eye.    Inform  groundman  to 
release  the  grunt1 s  knot  by 
pulling  on  the  handline. 

(2)  Place  eye  of  guy  grip  over 
the  guy  attachment. 


K-S^y^Descend^thc^poierr 


6.    ^Attach  "guy  assembly"  to  anchor  rod. 

a.    Insert  guy  strand  through  body 
.  -of  straad  vise. 


Attach!  "wire  grip". (with  eye 
doyiw  approximately  4  feet  from 
strand  vise. 


TTKBrSraTOy^n 

to  keep  guy  assembly  away  from 
.  pole  while  lineman  descends 

pole. 


II  .B . 6 .a .    Demonstrate :  When 
inserting  guy  strand,  into  strand 
vise  with  one  hand,  remove "slack 
from  guy  strand  with  other  hand. 

Stress:    The  guy  strand  must  be, 
straight  and  end  unf rayed. 

II.B.6.b.    Ensure  that  free  chain 
with  bottom  hook  is  extended  to 
within  4-6  inches  of  maximum  . 
chain  length. 


"412  * 
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OUTLINE  OF  INSTRUCTION 


Q.    Insert  top  hook  of  coffin  hoist 
into  eye  of  wire  grip* 

d.    Insert  bottom  hook,  of  coffin     .  / 
hoist  into  eye  of  strand  vise 
0    pulling  hook* 

7*    Tensioning  guy  assembly* 

a.    Operate  handle  assembly  of  coffin 
hoist  throughout  its  maximum  up* 
and-dovn  travel*  m  . 


--^^b>  ^An~observet^positto 

guy  assembly  axis,  and  approximately 
30  feet  from  the  pole,  will  inform 
coffin  hoist  operator  when  the  *top 
of  pole  is  pulled  4  to  '6  inches  - 
from  dead  jcenter*_  - — — — - 

c.    Place  coffin  hoist  control  lever  in 
the  "DOWN"  position,  operate  handle 
as  per  II*B*7*,  remove  coffin  hoist, 
and -pulling  hook  when  adequate 
slack  is  provided* 

>♦    Remove  excess  guy  strand* 

v  -  4  — 


INSTRUCTOR  ACTIVITY 

H.B«6«c«    Demonstrate:  Proper 
method  of  inserting  hook  of. 
chain  hoist  into  eye  of  pulling 
hook*    Remove  slack  from  coffin 
hoist  chain. 


II.B*7.a*.  Assistant  to  coffin 
Hoist  operator  will  guide  guy 
strand  into  strand  .vise  as 
tensioning  is  performed; 


CE  "A"  IG  2.1.5 
STUDENT  ACTIVITY 


a.    Cut  end  of  guy  strand  with  bolt 
cutters  to  within  1-3  inches 
of  strand  vise  body. 


II*B*7*c.    Personnel  assigned  to 
handle  coffin  hoist  will  secure 
it  where  sand  or  dirt  cannot 
enter  the  working  partis.- 


U4 


Guy  installation  evaluation: 

1*  Eye  of  anchor  rod: 
6  inches  above  ground. 
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OUTLINE  OF  INSTRUCTION 


III.  Application. 

< 

A.    Student  practice  -  guying  polos. 


IV.  Summary^ 

A.    Steps  of  procedure. 

1.    Digging  iu  the  anchor. 


»-  •  .  ■  ■ .  412 


CE  ''A'*  IG  2  1  5 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

Guy  installation  evaluation  ! 
continued: 

2.  Ends  of  gujr strand  shall  be 
within  the  limits  of  appropriate 
jcxoj5.sjroyfijLjnarka.__.   ±  

3.  Strain  insulator;  .  Frost  ring  -  t 
facing  towards  ground. • 

Minimum  clearances; 

Horizontal  -  from  face  of:  pole  - 

Vertical  -  from  finished  grade  - 
8  feet.-  v 


4.  End  of  strand:  1  to  3  inches 
past  strand  vise  body. 


-41-  -4*- 
UMlTS 


O 


IIP.A.  Assign  4  students  to  a 
pole  requiring  a  guy. 


III. A.    Student  'practice 
and  complete  assigned" 
project  to] the  assigned  , 
tolerances/ 


(11-of  12) 
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OOTLINE  OF  INSTRUCTION 

"""EI"*^ I^i^^maTleabXe  guy  attachment. 

t  c.    Assembled guy  Assembly  oti  the  ground. 

d .    Install  automatic  ^dead-endh  strand 
vise.  r-J  - 


INSTRUCTOR  ACTIVITY 


CE  "AM  It  -.1.5 
STUDENT  ACTIVITY 


e.  Attach  guy  'assembly  to  pole. 

f .  Attach  guy  assembly  to  anchor  rod, 

g.  Tensioning,  guy  assembly.  - 


h.    Remove  excess  guy  strand. 
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Cg  "A"  IG  2.1.6 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUEN'EME,  CALIFORINA  93043 
CONSTRUCTION  ELECTRICI.wS'  "A"  SCHOOL  TRAINING  COURSE  A^721-0018 


Classification:    Unclassified  . 
Topic:    Stringing  Primary  Line  Conductors 
Average  Time:    1  Period  (Class),  10  Periods  (Pract) 
Instructional  Materials: 


«v.  ivxcsr" 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  toinstall  an  overhead 
distribution  system  rated  up  to  ,5000  volts,  and  operate 
alternating  current* generators  up  to  200  KW,  singly 
or  in  parallel.    Installations  and  operation  will  be 
performed  in  accordance  with -appropriate  job  sheets. 


1  •    Const^  3  ^-^-NAVPERS- 

.  10636-G,  chapter  9. 

2.    Lineman' £  and  Cableman's  Handbook,  4th 
edition,  Kurtz.;  McGraw-Hill  Book  Co*, 
New  York,  N.Y. 


B.  References: 

1«    U.S.  Department  of  Commerce,  National 

Bureau  of  Standards,  "Safety  Rules  for  the 
Installation  and  Maintenance  of  Electric 
Supply  and  Communication  Lines"./ 


Enabling  Objectives:    Upon  completion  ol  this  topic  ~= 
the  student  will  be  able  to  install  primary  line 
conductors  in  accordance  with  procedures  and  safety 
precautions  outlined  in  the  Job  Sheet  CE  "A"  JS  2.1.6.1 
"Stringing  Primary  Conductors".    Installation  will  be 
done  without  error.  '  * 

Criterion  Test:    The  student  will  install  primary  line 
conductors  and  make  the  required  iusulator  ties  and 
inter-con<juctors  connections.    All  procedures  will  lie 
executed  100%  correct. 

Homework:    Read:    Lineman's  and  Cableman's  Handbook, 
section  15  and  16,  pp.  15-1  thru  16-58. 


TcpIs,  Equipment  and  Materials: 
1.    Tools  and  Equipment. 

a.  Lineman's  tool  kit. 

b.  Climbing  gear. 

c.  Slings. 


(5  o 
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a 

d.  Cable  grips. 

e.  Coffin  hoists. 

f .  Hand line. 

* 

2.    Materials :  , 

a.    Ad  listed  lit  NAVFAC  Dwg.  1109831s 

\ 

Training  Aids  and  Devices: 

1.    Locally  Prepared  Materials: 

a.  Automatic  dead-end  .display  board* 

b.  Job  Sheet. 

*%  (1)  CE  "A"  JS  2.1.6/1,  "Stringing 
/       •        Primary  Line  Conductors".  - 

Training  Aids  Equipment:    None.  J 


jWuJJjB  OF  niSTRUCTION  • 
I.    Incroductiou  to  tha  lesson. 
A*    Establish  contact. 

1.  Haae:' 

2.  Topic:    Primary  Line  Conductors. 

B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment.  ' 

C.  Establish  effect.  ^ 


INSTRUCTOR  ACTIVITY 


I.A.    Introduce  self  and  topic. 


I^B.    Motivate  student.  * 


Value. 

a.-   Pass  course.  , 

b.    Perform  better  c 

W  the  job. 

c.    Get  advanced. 

4-    Be  a  better  Construction- Electrician. 

IX.  Bring  out  need  and  value 
of  material  being  presented. 


0.  Overview: 

1.  Primary  line  hardware. 

2.  Job  Sheet. 

3.  Steps  of  procedure. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student • 


Questions. 
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Presentation. 

A.  Primary  line  hardware. 

I.    "LD"  and  "LS"  Automatic  Dead-End  Device. 

a.  Always  used  at.  dead -end  and 
corner  poles  to  terminate  primary 
conductors* 

b.  "LD"  type  designed  with  cotter  key 
assembly  for  securing  to  bell- 
type  insulator. 

c.  "LS"  type  designed  with  a  stranded 
bail  assembly  for  securing  to  bell, 
or  clevis  and  spool-type  insulators. 

'  2.    Compression  splice. 

a.    Used  ta  join  two  sections  of 
j primary  solid  conductors. 

3.c   Tension  splice. 

B.  Introduce  Job  Sheet. 

L    CE  "A"  JS  2.1.6.1,  "Primary  Line 
Conductors11.  ^ 

C.  ..  Steps  of  procedure.  - 

1.    Installation  of  primary'  conductors. 

a.    Select  the  pre-determined  lengths 
of  //S  AWG  medium  hard-drawn  solid 
copper  conductors  (identified 
doils) 

;  (A 


CB  "A"  IG  2.1.6 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


Il.A.l •    Demonstrate:    Kow  device 
is  installed  on  the^  end  of  a 
conductor.  — 


II. A. 2.    Demonstrate:    How  to  make 
a 'compression  splice  using  the  device, 
compression  tool  and  two  pieces  of* 
copper  conductor. 

II .A. 3.    Demonstrate:    How  to  make 
a  tension  splice,  using  the 
tension. sleeve  and  two  pieces  of 
copper  conductor. 


of  10) 


CE  "A"  IG  2.4.6 

OUTLINE  OF  IMSTRUCIION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

b.  Layout  conductor  coils  by  rolling  '* 
alongside  of  poles  frond  dead-end 

to  dead-end  poles.    Leave  6  feet 

past  both  dead-end  poles.  r  * 

(1)    Conductors  will  be  positioned  on  4 
the  ground  under  related  insul- 

*  -  ators  on  the  poles. 

c.  Lineman:    Ascend  dead-end  pole  with  ,  \ 
-'line  and  prepare  to  receive  primary 

conductors.  > 

i  •  * 

d.  Croundman:  *  Secure  a  wire  grip  jaw. 
.to  the  end  of  one  conductor  and 

secure  wire  grip  to  snap  of  handline. 
Raise  wire  grip  and  conductor  to 
lineman. 

(1)'  Secure  conductor  in  ja</  assembly 
"  of  wire  grip  approximately  6* 

*  .  .  from  end.    Raise  inside  conduc- 

tors first.  - 

e.  Lineman;    Insert  end  of  #6  conductor  • 
into  automatic  dead-end  assembly. 
Pull  in  approximately  6  feet.  Repeat 
same  procedures  for  the  remaining 

^  three  conductors.  * 

t.  Lineman  r  Descend  dead-end  pole  and 
ascend  the  first  pole  in  line  (with 
handline).  * 

S»-  Cruuadman:    Place  hook  of  handline  on 
one  inside  conductor.    Raise  conductor 
to  the  lineman.    Repeat  with  other 
inside  conductor. 
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CE  "A"  IG  2.1*6 

OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

h.  Lineman:    Place  remaining  conductors 
'on  the  inside  of  the  center 

insulators*  ^ 

(1)  ."Inside  of  insulators"  -  side  * 

of  insulators  facing  the  pole,  _   — 

i.  Lineman:    Place  remaining  conductors* 
on  the  inside  of  their  respective 
insulators ...  -  -  -  -~ — — 

 - ^        j#    Complete  raising  of  conductors  on 

the  remaining  in-line  poles.  ' 

k.    Linemen- (two) :    Ascend  corner  pole 
•    with  a  handline  and  prepare. to  raise  ^ 
and  secure  primary  conductor  ends.--.  ^ 

Croundman:    Secure  a  wire  grip  to  the 
*nd  of  one  outside  conductor  and 
secure  the  other  end  of  wire  gtip  to 
the  snap  of  handline. 

(1)    Secure  conductor  in  jaw  assembly 
of  wire  grip  approximately  3  to 
6  feet  from  end  of  conductor.. 
Raise  outside  conductors  first 

before  raising  center  conductor*  ♦  /< 

m.    Lineman:    Insert  end  of  each. conductor 

into  automatic  dead-end  assembly.  <i 

Pull  in  approximately  4 1  •    Repeat  same 
c      procedures  for  all  conductors* 

'  *  •  A 

^  •••    Sagging  primary  conductors.  ■   , '    •  »; 


OUTLINE  OF  INSTRUCTION 

Grounduan: 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.6 
STUDENT  ACTIVITY 


a. 


Select  two  (2)  41 


b. 


slings  (3/8"  .steel  cable  with  a 
standard  size  eye. at  each  end)  and 
hoist  to  the  lineman* 

Lineman:    Secure  slings  as  per 
s"ketch: 

-* — |J 


(1)  Insert  hook  of  each  coffin  hoist 
into  tiyes  of  slings"  and  secure 
the  chain-end  hook  into  cable- 
grip  attached  to  each  outside 
conductor. 

(2)  Oper&te  handles  of  coffin 
hoists  till  correct  sag  is 
obtained.    

During  sagging  procedure,  ensure 
that  each  conductor  is  guided 
(without  kinking  through  the 
automatic  dead-end)  • 

(1)    Conductor  should  be  coming 
out  of  the  top  or  bottom  of 
the  automatic  dead-end  in 
-accordance  with  drawing 
II.C.2.B. 


H.C.2.b.(2)    Sag  ^^IJb^jieter— 
ridnedjby  instructoFlTighting  from 
,  the  Aground. 
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OUTLINE  OF  INSTRUCTION 
d. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.6 
STUDENT  ACTIVITY 


e. 


After  proper  sag  is  obtained  on 

the  oucer  conductors y  remove  one 

set  of  sagging  equipment  and  install 
on  inside  conductors. 

Perform  sane  sagging  procedures  as 
outlined  in  II.C.2.b.  and  sag  to 
sane  configuration  as  the  outside 
conductors. 

Remove  equipment  after  ail  conductors 
have  been  raised  and  sagged. 

3.    Secure  primary  conductors  to  pin  insul- 
ators (make, ties). 

a.    On  alljin-lijie^ol^^  will 
aced  on  top  of  each  perspective 
insulator . 


4> 


b.    Grouttdman:    Select  (for  each  pole)  4    II.C.3.b.    Stress:  To  utilize 
pieces  of  36  inch  long,  06  AWG  soft-   nose-bag  for  hoisting  tie-wires 

to  lineman.' 


drawn,  solid  copper  conductor 
c.    Lint?man:    Follow  sketch: 


=2U 


>0*M  „ 
HOT  STICK  LOOP 
APPflQK.  5"  OH 

ends  of  tie 


INITIAL  WRAPS 
1TUANS' 
CtcSC  PITCH 


II.C.3.C.    Provide  classroom 
training  aid  for  students  to 
make  practice  ties  before  mak- 
ing ties  on  overhead  conductors. 


II.C3.C.    Practice  ties*. 


Starting 

POINT 


FINAL  WRAPS 

5TORH5 

45°  HEUX 


r 


SINCLg-PIN  TYPE  INSULATOR  TIE  FQg 
COPPER  CONDUCTORS 

(1)  xCompleteties  on  all  poles. 


r 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CB  MAM  lu  2.1.6 
STUDENT  ACTIVITY 


Make  jumper  connections  at  ail  corner 
poles. 

a.  Groundman:  Compile  a  list  of  material 
•       required  at  each  pole  in  accordance 

with  the  NAVFAC  Dwg,  1109831,.  "Advanced 

Base  Standard  Pole  Line". 


(I)    Ensure  that  the*  required  number 
of  split-bolt  connectors  and 
jumper  vires  are  on  hand  before 
lineman  ascends  the  corner  poles. 

"#  . 

t*.    Lineman ;    Ascend  corner  poife  and 

complete  the  installation  of  prloary 
conductors  in  accordance  with  the 
drawing ♦ 

r 

(1)    Form  the  jumper  wires  in  a  smooth 
and'  safe  configuration  between 
.conductors. 


Il.C.4,b.(l) .  Stress:  Primary 
conductors  shall  be  Installed 
and  sagged  with  appropriate  ties 
made  on  each  insulator 


III.  Application* 

*  c 
A.    Student  practice  -  install  primary 

conductors  for  4160  volt  overhead  distri- 
bution system. 

IV.  Summary. 

kA.    Primary  line  hardware. 


NOTE:  All  work  shall  be  executed* 
,100%  correct. 


[2Z 
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CE  "A"  IG  2.1.7 


NAVAL  CONSTRUCTION  TRAINING  CENTER"*  'f- 
~  'PORT  HUENDffi',  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  -TRAINING  COURSE  A-721-0018 


x,  * 


Classification:  Unclassified 
Topic:    Transformers  and  Protective  Equipment 
Average  Tine:    1  Period  (Class),  5  Periods  (Pract)- 
Instructional  Materials: 
A.    Texts:  _ 

1.  Construction  Electrician  3  &  2,  NAVPERS 
1G636-G,  chapter  9. 

2.  Lineman's  and  Ca,bleman's  Handbook,  4th 
edition,  Kurtz;  McGraw-Hill  Book  Co^, 
K«w  York,  N.Y. 

B*    References:  None. 

C.    Tools,  Equipment  and  Materials: 

1.    Tools  and  Equipment: 

-a.    Lineman's  tool  kit. 

bj.    Climbing  gear. 

cv  J°le  toP  gin. 

d.    Block  and  tackle  assembly. 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able<£o  install  an.  overhead 
distribution  system  rated  up  to  5000  volts,  and 
operate  alternating  current  generators  up  to  200»KW, 
single  or  in  parallel.    Installation  and  operation 
will  be  performed  in, accordance  with  appropriate 
job  sheets. 

Enabling  Objectives:    Upon  completion  of  this^topic 
the  student  will  be  able  to  install  a  three-phase 
transformer  bank  with  associated  equipment.  Instal- 
lation, will  be  100%-  correct  in  accordance  with  the  Job 
Sheet  CE  "A"  JS  2.1.7.1,  Transformers  and  Protective  . 
Equipment". 

Criterion  Tests:    The  student  will  install  a  three- 
phase  transformer  bank,  fuse  cutouts  and  lightning  * 
arrestors.    All  procedures  will  be  performed  100% 
correct. 

Homework,;    Read:    Lineman's  and  Cableman's  Handbook, 
section  17," pp.  .17-1  thru  17-30. 
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e.  Three  single-phase  transformers. 

f.  Fuse  cutouts  andJ>racket  assemblies • 

.  g.  Lightning  arrestors  and  bracket  assemblies. 
2.  Materials: 

a.    As  listed  in  NAVFAC  Dvg.  1109831. 
Training  Aids  and  Devices: 
1.    Locally  prepared  materials: 

a.  Lightning  arrestor  and  fused  cutout 
display. 

b.  Job  Sheet. 

(1)    CE  "Aft  JS  2.1.7.1,  "Transformers  and 
'  Protective  Equipment1-. 

Training  Aids  Equipment:  None, 
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WTLDg  OF  INSTRUCTION 

—  J-rT  t  - 

1.    Introduction^  the  lesson. 

A.  Establish  contact. 

1.  Name: 

2.  Topic:    Transformers  and  Protective 
^  Equipment. 

B.  Establish  readiness. 

r  * 

1.  rurpose. 

j.  -  *?  » 

2,  Assignment.  ^ 

C.  Establish  effect. 
1.  Value. 

a.  ;'ass  ccv.rse. 

b.  I'erforr.  better  on  the  job. 

c. t  ,  h^t  advanced. 

* 

■  *  ■  • 

c.    Bo  't  better  Construction  Electrician. 
.0.    O.'cr  fi-iv. 

1.  Job  sheet.  . 

2.  Steps  of  procedure. 

3.  Questions.- 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  .out  need  and  value 
of  snateriaJ  being  presented. 


CE  "A"  IG  2.1. 7 
STUDENT  ACTIVITY 


I.D,.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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415 


OUTLINE  OF  mSTkUCTION 

c 

II #  -  Presentation. 

A.    Introduce  Job  sheet. 

1.    CE  "A"  JS  2i 1.7-1,  "Transformers  and 
Protective  Equipment11.  , 

*B«*  Steps  of  .procedure. 

1.    Preparations. for  installing  transformers. 

^    t  a.    Lineman  01;    Ascend'  transformer  pole 

.  .    with  handline  and  prepare  to  receive 
the  pole  top  gin. 

b.  Lineman  #2:    Ascend  pole  and  position 
*  on  opposite  side  of  lineiaan  frl. 

c.  Groundman :    Attach  pole  top. gin  tc 
handline  urging  a  "grunt's  knot" 
aboya  the  snap  and  ring.  •  Hoi St 

.  to  1  ineman .  .» 

d.  Lineman  Position  pole  top  gin., 

>  i    o.    Secure  pole  top  sin  in  accordance 
with  instructor's  classroom 
demonstration. 


INSTRUCTOR  ACTIVITY 


CE  "AM  IG  2.1.7  f 
STUDENT  ACTIVITY  ^- 


II. B. I.e.  Demonstrate:  Tying 
••grunt's  knot'1  on  pole  top  gin. 


II.B.l.d.    Demonstrate:    How  to    II.B.l.d.  Observe 
install  pole  top  gin  on  a  demonstration, 
classroom  pole.  * 


Grcundnan :    Select  a  block  and  tackle 
assembly  and  use  handline  to  hoist 
gear  to  lineman  21 •  * 

(1)    Ensure  that  ore  person  holds 
bottonrporticn  of  the  block 
'    -  and  tickle  while  groundman 
hoists  assembly  to  lin<?m<m  <fl. 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.7 
STUDENT  ACTIVITY 


g.  Lineman  #1:    Receive  hook  of  block 

and  Insert  into  eye  of  pole  top  gin. 

i 

h.  Croundgan:    Position  transformer 
directly  below  block  and  tackle 
assembly • 

2.  Install,  transformers  to  step  down  three 
-     phase,  4  wire*  4160  volts. 

\a.  The  following  procedures  will  be  , 
usred  for  the  installation  of  three 
single-phase  transformers. 

b.    Groundman :    Attach  tag  line  around 
main  body  of  transformer  with  a 
timber  hitch. 


f 


II.B.2.b.    Demonstrate:    Tying  a 
timber  hitch  around  a  transformer. 

Stress:  Tag  line  required  to 
steady  ascent  of  transformer. 


Ct    Crc>ru;dman i    Attach  a  30  inch  sling 
(with  an  eye  on  each  end)  to  the 
lifting  hooks  on  the  sides  of  the. 
transformer.    Insert  hook  of  t* 
block  and  tackle  through  sling 
loop . 

i   

(1)    Line  handler  will  take  up  the 
slacken  the  block  and  tackle 
^ -  ^assembly  as  soon  as  hook  is 
/         engaged  in  the  sling  secured 
to  the  transformer. 


d.    Four  (A)  men;    Two  men  on  the  tag 
line  and  two  on  the  "fall  line" 
of^  the  block  and  tackle  assembly. 
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OUTLIHE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  II ,  17 
STUDENT  ACTIVITY 


■J 
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(1)    "Fall  line?  Is  the"  hoisting 
".  line  coming  from  the  top  block. 

e*    While  two  men  raise  the  transformer 
the  handlers  tending  the  tag  line 
will  ensure  that  the  transformer 
is  .kept  away  from  the  pole. 

f.  Lincmao;  •  cWith  appropriate  ^signals , 
indicate  to^  the  groundman  the  ' 
exact  tifeight  required"  for  the 
transformer  to  be  before  placing 
on  crossarras.  ° 

(1)    First  two  transformers  will  be 
placed  on  outside  of "  the%ciross- 
.  &ras.  /third  transformer  will  . 
be  centered  on  crossarm. 

g.  Lioenjan:    After  each  transferrer  is 
placed  in  position,  iutaove  tag  line 
anJ  secure  end  to  the  eyes  of  sling 
(while  still  secured  to  block  and 
tackle).  .  *" 

h.  Groundman;    Lower  bottom 'block  by 
pulling  on  tag  line. 

tt    Complete  transformer  installation 
using  procedures  outlined  above. 

*-   (1)    Position  transformers  With 

equal  spacing  oh  the  crossarms. 

j.    Linemen  #1  &  *2:  '  tower  block  and 
tackle  with.handltne.  Disassemble 
pole 'top  gin  from  pole  and 
lower  with  handllne. 


II.B.2«j.    Transformer  instal- 
lation procedures  will  be  executed 
100%  correct. 
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MSTMJCTIOH 


INSTRUCTOR  ACTIVITY 


.Install  protective  equipment. 

a.  Croundaan:    Select  3  fused  cutouts 
and.  3  lightning  arrest ors,  and 

6  ML"  type  brackets  for  Mounting 
the  protective  devices.  Hoist 
material  to  lineman  with  associated 
'  hardware  for  mounting  and  securing 
devices* *  v 

b.  Lineman:    Install  equipment  and  make 
connections  as  follows: 


(1)    Outer  fused  cutouts  shall  be 
.  installed  at  a  si ight  angle  in 
toward  the  pqle  (required  for 
operation  of  hot  stick  to  open 
»        fused  cutout).  } 

(7  of  8) 


OUTLINE  OF  INSTRUCTION 


(2)    Moint  the  arrestors  first,  then 
reposition  yourself  on  pole  to 
mount  fused  cutouts  in  their 
respective  positions.*  Ensure 
tha£  *H  equipment  is  tightly 
secured  before  descending  pole. 


INSTRUCTOR  ACTIVITY 


NOTE:    Protective  equipment 
installation  procedures  shall 
be  executed  100%  correct. 


CE  "A"  IG  2.1.7 
STUDENT  ACTIVITY 


III.  Application. 

,  A.    Student  practice  -  install  three  single- 
phase  transformers  for  stepping  down  4160 
volts  to  120/208  volts,  3  phase,  4  wire 
secondary  distribution  and  protective 
equipraer*". 

IV.  Susanary. 

A.  Job  sheJt.  r 

B.  *teps  of  procedure. 

i.    Preparations  for  installing  transformers. 

r 

2*.  '  Install  transformers  to  step  down  three 
phase,  4  wire,  4360  volts. 

3-    Install  protective  equipment. 

W    res; :    None.    '  ,  . 
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CE  "A"  1G  2*1.8 


NAVAL  CONSTRUCTION  TRAINING  CENTER  * 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification :  Unclassified 
Topic:    Stringing  Secondary  Mains 
Average  Time:    1  Period  (Class),  6  Periods  (Pract) 
Instructional  Materials:  ^ 

A,  Tex|s: 

1.  Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  9* 

2.  Lineman's  and  Cableman's  Handbook,  4th 
edition,  Kurtz;  McGraw-Hill  Book  Co., 
New  York,  N.Y. 

B.  References: 


Terminal  Objective:    Upon  completion  of  this-unit 
the  student  will  be  able  to  install  an  overhead 
distribution  system  rated  up  to  5000  volts,  and 
operate  alternating  current  generators  up  to  200  KW: 
singly  or  in  parallel*    Installation  and  operation 
will  be  performed  in  accordance  with  appropriate 
job  sheets. 


Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  install  the  secondary 
mains  for  the  secoudary  distribution  of  power  at 
120/208  volts.    Installation  will  conform  to  the 
job  sheet  CE  "A"  JS  2.1.8.1,  "Stringing  Secondary 
Mains",    Steps  of  procedure  will  be  performed  100% 
correct.  , 

Criterion  Test:  The  student  will  install  a  secondary 
distribution  system  complete  with  required  hardware 


U.S.   Department  of  Commerce, 

National  Bureau  of  Standards,  "Safetyan(j  materials.    Installation  procedures  will  be 


Rules  for  the  Installation  and 
Maintenance  of  Electric  Supply  and 
Comraunicat ions  Lilies" . 

Tools,   Equipment  and  Materials: 

1.     Tools  and  equipment. 

a.  Lineman1 s  tool  kit. 

b.  Climbing  gear* 

c.  Hardhat. 


executed  100%  correct. 

Homework:    Read:    Lineman's  and  Cattleman' s  Handbook, 
section  5,  pp.  5-5  thru  5-15  and  section  17,  pp.  17-7 
thru  17-13. 
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*  d.    Secondary  distribution  hardware, 

2."  Materials: 

a.    Secondary  distribution  hardware  as 
listed  in  NAVFAC  Dwg.  1109831. 

Training  Aids  and  Devices: 

1.    Locally  Prepared  Material. 

a.  Secondary  main  distribution  display  board. 

b.  Job  Sheet. 

(1)    CE  "A"  JS  2.1.8.1,  "Stringing  Secondary 
Mains'1. 

Training  Aids  Equipment:  None. 
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OUTLINE  OF  INSTRUCTION 
I.    Introduction  to  the  lesson. 

A.  Establish  contact. 

1.  Name: 

2 .  Topic :    Stringing  Secondary /Mains . 

B.  Establish  readiness.  , 
1  1.  Purpose. 

2 .    Assignment . 

C.  Establish  effect* 
1*  Value. 

-a.    Pass  course. 

b.  Perform  better  on  Lhe  job. 

c.  Get  advanced . 

4     Be  a  better  Construction  Electrician. 
Overview: 

1.  Transformer  connections. 

2.  Conductor  clearances. 

3.  Introduce  job  sheet . 

4.  Steps  of  porcedure.  • 

5.  Questions. 


INSTRUCTOR  ACTIVITY 


CE  MAH 
STUDENT 


IG  2.1.8 
ACTIVITY" 


I  .A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.     State  learning  objectives 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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OUTLINE  OF  ISNTRUCTION 
II.    Presentation.    4  < 
A.    Transformer  connections. 

1.  Delta-Helta. 

2.  Delta-Wye. 

4 

3.  Wye-Wye. 

B*    Conductor  clearances. 
1.    From  wood. 
£.    From  equipment . 

C.  introduce  job  sheet. 

1.    CE  "A"  JS  2.1-.8.1,  "Stringing  Secondary 
Equipment". 

D.  Steps  of  procedure. 

1.    Install  secondary  distribution  system. 

a.    Position  secondary  racks  as  per 
sketch  on  following  p3ge:  . 


INSTRUCTOR  ACTIVITY 


CE  MA"  IG  2.1.8 
STUDEWT  ACTIVITY 


II.D.l.a,    Holes  for  secondary 
rack  on  transformer  pole  shell 
be.  -in  accordance  with  the  sketch 
on  following  page. 


\ 
\ 


4C2 
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OUTLINE  OF  INSTRUCT ION 


INSTRUCTOR  ACTIVITY 


'CE  "A"  IG  2.1  .'8 
STUDENT  ACTIVITY 


® 

SINGLE 
J  INSUIATCK5 

0  iSffcitwf  ION 


v     6  O  O 


,ccnt«/ 


'  T 


IC'4 


if 


1: 


C  - ---------- 


SB 


ERiC 


grounjfrgm:  .Select  twq  4  spool 
secondary  cacks  with  spools, 

4  -  thru-bolts,  l*ugth  dependent 
upon  pole  diameter  and  2 1,4  exposure « 

6  -  curved  wash'JCA- 

ft*-  spring  Win'JioiV. . 

£  -  nuts* 
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II,D/l.b.    For  rack  installation 
thru-bolt  holes "shall  b*a  ll/l6n  v 
diameter  for*  the  5/8"  diameter 
bolts.  ' 


Cb  of  10/ 


4S5 


\  .     ...      .  •  !;  CE  "A"  IG  2.1.8 

"  C*   -  OUTLINE  OF  INSTRUCTION  <  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


4-  pre-cut  lengths  of  *2  AWG 
insulated  stranded  copper  conductors i 


\    "  2  -  eye  bolts. 


4  -  3/8"  automatic  dead -ending  devices 
.     for  #2  AWG  triplex  stranded  conductors. 

2  -  Pre-cut  lengths  of  S2  AWG  triplex  ^ 
(service  -drop) . 

c.  Lineman;  .Ascend  pole  with  handllne  and 
prepare  to  receive  tools  and  materials.  * 

d.  Lineman;  \  With  brace  and  11/1*6"  bit, 
drill  first  hole  for  rack  a  minimum 

;  fc  of   10"  below1  transformers*.     Drill  1 
second  hole  24"  dfowni  from  center^  of, 
top  rack  hole. 

(1)     Position  of  rack  on  transformer 

pole  as  per  skejtch  II. 1. a.  (note)  . 

e.  Groundman;     Select  secondary  rack  and 
disassemble  pin  and  insulator  spools. 
Hftist  the  disassembled  rack  with  two 
thru-bolts  w^ith  an  equal  number  of 
curved  washers,  spring  washers  and 
nuts  to  the  lineman. 

f.  Lineman;     Place  secondary  rack  over  . 
the  two  thru-bolt  holes  and  align 

^     top  and  bottom  rack  holes  with  holes. 
\    irt  pole.        \  tf 


(1)     When  tightening  n\xt\  apply 

V  pressure  until  spring  washer  is 

V  „  flat,   then  back  o£f  1/4  turn  to 
allow  the  spring  washer  to 

1     expand  and  contract. 

HOn   ~  *  '  ■        ot  10). 


\ 


OUTLINE  OF  INSTRUCTION 


(2)  Install  thru-bolts  with  bolt 
head  against  rack,  and  apply 
curved  washer,  spring  washer 
and  nut  on  opposite  end* 


INSTRUCTOR  ACTIVITY 


CE^'A"  IG  2.1.8 
STUDENT  ACTIVITY 


g.  Groundman:  «  Hoist  to  lineman  the  pin 
-    and  4  Insulator  spools*    Ensure  that 

pin  is  complete  with  a  cotter  key. 

h.  Lineman :    When  installing  insulators, 
position  pin  in  top  hole  and  align 
one  insulator/ at  a  time  as  the  pin*  - 
Is  being'  ins  trailed.    Insert  cotter 
key  and  spread  the  ends  approximately 
1/2M. 


'(1)    Make  sure  that  the  spools  are 
equally  spaced  throughout  the 
^length  of i the  rack. 

i.    Groundman:    Select  the  4  lengths  of 
92  AWG  stranded  insulared  copper 
conductors.    Roll  out  each  conductor 
between  the  two  secondary  poles. 
Using  the  hand line,, raise  the 
conductors  to  the  Jineman,  one  at 
~»  t  Lme . 


j..  Lin  wan :    Secure  iirst  conductor  to 
the  cop  spool  (secondary  system 
neutral  conductor)  in  accordance 
with  the  following  sketch  and 
the  classroom  display! 


II.D.l.j.    Top  hole^for  secondary 
rack  thru-bolt  will  be  loca^d 
10  1/4M  from  the  top  of  the  pole. 

*  f 
Note:    Complete  dead-ending  of  re- 
maining conductors  as  per  sketch. 
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OUTLINE  OF  INSTRUCTION 


INbTP.UCTOR  ACTIVITY 


k.      Second  pole:   Install*  secondary 
rack  and  complete  the  installa- 
tion of  the  secondary  . 
distribution  system. 

-Installation  of  "service  drop".  ^ 

a.  Groundman:     Select  a  single  spool 
clevis  complete  with  pin, 
insblator,   spring  washer  and  nut. 
Hoist  ti  lineman. 

b.  Lineman;  Mount  the  single  spool 
clevis  assembly  as  per  following 
sketch: 


CK  "A"  IG  2.1.C 
STUDENT  ACTIVITY 


SVGLSSfpou  -  '  ^ 


Spur-  Bclt 

CbtfMSCTCC 


secondary 
Rack  • 
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OUTLINE  OF  INSTRUCTION 


NSTRUCTOR  ACTIVITY 


CE  "A"  1;  ..x.i' 
STUDENT  ACTIVITY 


c.    Ground Jgn:    Select  two  pre -measured  II.0.2.C. 


Demons trace: 


How  to 


lengths  of  #2  AWC  stranded,  insulated  apply  dead-end  device  on  the 


aluminum  conductors  (triplex)  and 
two  automatic  dead-endiug  devices. 
Secure  a  device  on  each  neutral 
conductor  (approximately  30"  back 
froze  end).    Hoist  one  end  of  each 
•  service  drop  to  the  lineman,  one 
at-a'  time. 

Lineman:    Place  both  wire  bails  lof 
dead-ending  devices  on  the* single 
spool  insulator,  and  replace  pin 
and  cotter  key. 

e.  '  Groundman:    Plice  a  dead-ending 

device  on  each  service- drop  approx- 
imately 12M  from  end  on  neutral 
'  conductor.  *: 

f.  ,  Lineman :    Using  a  tag  line,  hoist 

oihi  of  triplex  with  automatic 
dead-end  device  and  secure  to'  a 
single-spool  assembly  mounted  on" 
angle  iron.    Sag  cable  accordingly 
by 'pulling  slack  thru  the  dead-end % 
device.    Repeat  procedure  at  other 
service  drop. 

g.  Lineman ;    Complete  service  drop 
installation  by  splicing  the\neutral 
and  phase  conductors  with  split-* 
bolt  connectors.    Tape  each  phase 
■splice  and  leave  the  neutral 
uutaped.  *.      «  ^ 


stranded  neutral  conductor  of 
the  triplex  cable. 


\H.D«2.g.  All  secondary  distri- 
bution procedures  "shall  be  exec- 
uted 100%  correct. 


III.     Practical  application. 


\ 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1#8 
STUDENT  ACTIVITY 


A.    As  a  crew  member,  the  student  will  install 
a  secondary  distribution  system  complete 
with  required  hardware  and  materials. 
Installation  aud  evaluation  will  be  done 
in  accordance, with  Job  Sheet  CE  "A"  JS 
2.1.8.1,  "Stringing  Secondary  Mains". 

IV.  .Summary.  ^ 

A.    Transformer  connections. 


Conductor  clearances. 


C. 


Job  Sheet. 


D. 


Steps  of  procedure. 


E.\  Questions. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


Classification:  .'Unclassified 
Topic:    Transformer  Connections 

Average  Time:    3  Periods  (Class),  A  Periods  (Pract) 

\ 

Instructional  Material: 
A.  Texts: 

1.  Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  9. 

2.  Lineman's^ and  Cableman's  Handbook,  4th 
edition,  Kurtz;  McGraw-Hill  Book  Co., 
New  York>  N.Y. 

U.  Peferencesju-— -  ^ 
— ^"""^ 

  o 

U.S.  Department  of  Commerce,  National 
Bureau  of  Standards,  "Safety  Rules  for 
the  Installation  and  Maintenance  of 
Electrical  Supply  and  Communication  Lines". 

C.     Tools,  Equipment  and  Materials: 

I.    Tools  and  Equipment: . 

a.  Lineman's  toolkit.  ^ 

b.  '    Climbing  gear. 

\ 

»  2.<  Materials: 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  install  an  overhead 
distribution  system  rajted  up  to  5000  volts,  and  V 
operate  alternating  current  generators  up  to  200  KW, 
singly  or  in  parallel.    Installation  and  operation  will 
be  performed  in  accordance  with  appropriate  job  Sheets. 

Enabling  Objectives:    Upon  completion  of  this,  topic 
the- student  will  be  able  to  connect  the  three-phase 
transformer  bank^  to  the  primary  and  secondary  dis- 
tribute*.^ ays tem$.  '  Connections  will  be  made  without 
error  and  In  accordance  with  the  job  sheet  CE  "AM  JS  * 
2  •1,9.1-,  -"Transformer  Connections". 

Criterion  Test:  ,  The  student  will  connect  a  three- 
phase  transformer  bank  to  the  primary  and  secondary  , 
distribution  systems.    All  connections  will  be  made  " 

100%  correct. 

Homework:    Read:    Lineman's  and  Cableman's  Handbook', 
section  49,  pp.  49-1  thru  49.-16. 
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1                 CE  "A"  IG  2.3  9. 

*  * 

a*    Jumper  wires r 

*.                  >  * 

• 

• 

\    1>.    Split-bolt  connectors. 

■  ; 

• 

D.    Training  Aids  and  Devices: 

1.    Films.  % 

.    p            a.    HOW-OGi,  "How  Distribution  Transformers 
'    *  are^Made",  (20  min.^  , 

*b.    ITS-OOl,  "It's  C.S.P.  For  Me",  (10  tain.).  _ 

■ .  -\ 

f 

>  * 

< 

* 

r  • 

2.    Locally  Prepared -Material:     :  V  * 

a.  Transformer  Connection  Display* Boaffc. 

b.  Job  Sheets  \ 

\ 

t 

• 

* 

V 

t                 *    •  • 

4                   -  i 

[l)  ,  CE  "A"  JS  2.1.9.1, 
Connections1  . 

Drawing.   ■  \    .  * 

§>  • 

"Transformer  v 

♦ 

l; 

\ 

.  i 

j 

(1)  '  CE* "A" -DWG  2.1.9.1,  "Primary  and 
Secondary  Distribution  Jumper 
Connections"*  * 

/ 

• 

/              *.            \  . 
B.    Training  Aids  Equipment:  ♦ 

#**  > 

- 

• 

1.  16mm 

novie  projector. 

,  ERJC  . 

* 

"  478.: 

:•  .  ■ :  \ .. 

i.   'A        :  - 
,s       .  *  -  • 
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OUTLIHE  OF  INSTRUCTION 
I.    Introduction  to  the  lessen. 
A.    Establish  contact. 
1.  Name: 

,2.    Topic:    Transformer  Connections* 
lb  .J*5*?kli3h  *  readiness : 

1.  Purpose. 

2.  Assignment* 
C;    Establish  effect.  4 > 

1.  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Electrician. 
t>.  Overview: 

1.  Transformer  connections. 

2.  Transformer  construction. 

3.  Protective  equipment. 
a  .    Introduce*  job'  sheet . 
5.    Steps  6i  procedure. 


INSTRUCTOR  ACTIVITY 


CE  "AM 
STUDENT 


1^  "  *  *  f* 
ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student • 


I.C.  Bring  out  need  and  value 
of  materials  being  presented. 


CD.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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QUiLIHE  OF  IWSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A" 
STUDENT 


IG  2.1.9 
ACTIVi'f? 


a.    Make  primary-distribution  junper 

connejfefiian^'9.i:  step-down  transformer 
pole|*  *  -  • 

V 

b*.    Makej?  secondary  distribution  jumper 
*  fconrtj&ctions. 

6.  Questions. 


II.  Presentation. 


i  ■ 


"A.    Transformer  connections* 

1.    Primary" dis  \ibution  system  xpltages: 
a.    Y-Y,  2400/4160  volts.' 


2.    Secondary  distribution  system-voltages: 
a.    Y-Y,  120/208  volts. 


'II. A. 1. 0  Indicate  the  following  II. A. 1.  Copy  on  job 
on  chalkboard:  *  sheet.- 


A.  - 


H 
A- 

V 


II. A. 2  -  Stress:   ,120V,  single 
0  is  obtained  between  neutral  and 
any  phase  (A,  B,  or  C)  . 
ALSO:  r-  ~ 

208V..  ,  single  0  is  obtained  between 
phases  A-B,  A-C  or  B-C.    -  -* 
"ALSO:  . 
208V. f  three  0  is  obtained  by 
connect Lrig  equipment  to  all  th^ee 
phases  (A-B-C) . 
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IKE  OF  INSTRUCTION  .  . 

B.  Transformer-construction. 


INSTRUCTOR  ACTIVITY 


CE  5*M  -T~  2.^.9 
STUDENT  k  .IV1TY 


1.  -Film:    UOW-001,  "How  Distribution 
Transformers  are  Made". 

2.  Film*:    1TS<-001,  "it's  C.S.P.  for  Me". 

t 

C.    Protective  equipment. 

1.    Lightning  arrester.  — 

„a*    Protects  transformer  against 

voltages  greater  than  the  normal 
line  voltages. 

-    b.    Furnishes  a  path  to  ground  to 

drain  off  excess  voltage  (lightning 
striking  primary  line),  , 

Primary  distribution  fused-cutouts.  # 


II.B.l  &  II.B.2.^  Show  films 
and  discuss  highlight  of  each* 


_II.£.JL.    Display:    Mock-up  of 
lightning  arrester  and  assoc-. 
iated  hardware. 


J. 


a.    Protect  the  primary  windings  of  JI.C.2.a,  "^Stress:    A,  f use  *is 

the-  distribution  transformer  against    purposely  installed  as  an 


overload  or  short-circuit. 


3.    Required  clearances  for  jumper 
connections.  —  '  - 

a.    From  wood  -  3". 


{as  an 
o^j)  in  an 


-II.B.l.  &  II.B.2.  View 
films  and  participate.  ' 
in  discussion. 


intentional  weak  sp 
electrical  circuit .s^L 

Display;  "  Fused  iutout  and 
the  internal  parts  (fuse^ element 
;    and  connections).  - 

II. C. 3.    List  on  chalkboard 
—examples  wood,  rrnsflarms  pole 


equipment,  flat  bracTes,  guy  wire, 
conductors. 


X 


b.    Front  equipment  -  6'"". 
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OUTLINE  OF  IHSTRUCIIONT         m  INSTRUCTOR  ACTIVITY 

D.  Introduce  j^b  sheet,      f  ■ 

*  1*.    CE  "A"  JS  2.1.9.1,  "Transformer 

Connections". 

E.  Steps  of  procedure,  -  c 

•  1.    Make  primary  distribution  jumper  ' 

connections  at  step-down  transformer 

pole.  *  * 

a.  ,  Lineman:    Ascend  transformer  pole 

and  connect  exi3ting  6*  ends  of  each 

phase  conductor  to  the  associated 

lightning  arresters,  fused  cutouts 

and  transformers  in  accordance  with 

t he  attached  drawing  titled  "Light-  *  • 

:*ing  Arresters*,  Fuse  Cutouts,  and 

Transformer  Connections". 

0  * 

b.  Groundrcan :    Select  a  10  fooc  length 
oi  t'6  AWG  solid-   hard-drawn,  bare 
cupper  conductor  and  hoist  to  line- 

aaaV      *  k 

c.  Lineman*:    Connect,  lightning  arresters 
 to.  oxlst'ing  jyrotnuhV.g  conductor  on 

pole  as' per  drawing  titled,  "Primary  % 
and  Secondary  Distribution  Jumper 
Connections". 

   _d,, — GroundmanJL^S^eJUdct  two  four  f  oot:  pieces 

of  //6  AUG  "solid,  hard-drawn,  bare      -  ' 

copper  conductors  and  hoist  to  line-  . 

man 


OUTLINE  OF  INSTRUCTION 


Lineaau:    Connect  6*  tail  of  over- 
head primary  neutral  conductor  to 
the  ground  wire  connecting  light-' 
ning  arresters/*  Connection'  shall 
be  made  with  split-bolt  connector. 
Secure  end  of  <conducfcor  to  the* 
nearest  bushing. 


f. 


Complete  neutral  connection  using 
the  two  4  foot  pieces  of  //6 
copper  between  the  thtee  Hi 
bus1  'ncs. 

L  -  . 

Make  secondary  distribution  jumper 
connections.  .  . 


INSTRUCTOR  ACTIVITY 


CE  MAM  IG  2.1.9 
STUDENT  ACTIVITY 


II.E.l.f,    Stress:    That  bare  high 

yoltage  conductors  shall  maintain 

the  following  clearances: 

3lf  -  wooden  crossarms  and  poles. 

6"  -  metallic  equipment  and 

hardware- 


#^oundman:  Select  two  four  Eoot<T 
pi3ces  of  #2  AWG  stranded,  insul- 
ated, copper  conductors  and  hoist 
to  lineman.  * 

*  **  * 

# 

Lineman*:    Install  the  two  four   #.  - 
toot  pieces  of  jumper  wire  between 
the  X2  secondary  bushings  as  per 
attached  drawing. 

Completion  of  secondary  hook-up 
shall  be  in  accordance  with  the 
'  drawing  titles  "Primary -and 
Secondary" Distribution  Jumper  V 
Connections11, 


483 


(L)    Measurements  for  jumpers  shall 
be  madebetwetn  bushings 
and  their  respective  secondary 
distribution  'conductors. 
Ensure  that  jumt>*r*  are  instal- 
led with  the  required  clearances. 


II.E.2.c.(l)    Installation  of 
primary  and  secondary  connections 
shall  be  performed  100%  correct. • 
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OUTLINE  OF  INSTRUCTION  • 
lIl^Application.  , 

/"a.  Student  practice  -  instill  primary  and 
^  secondary  jumpers  and  make, connections 
in  accordance  with  Job  Sheet  CE  A  JS 
2.1.9.1,  •'Transformer  Connections  and 
Drawing-CE  ^VVG  2.1.9.1,  "Primary 
and  Secondary^is^ribution  Jumper  Con- 
nections". 

IV.  ^Summary.-  * 

A.  "  Transformer  connections. 

B.  Transformer  construction. 

-  »  * 

C.  Protective  equipment. 

D*    Introduce  Job  Sheet.  ^ 

E.  Steps"  jof  procedure. 

r  ) 

'    1.    Make  primary  distribution  jumper 

connections  at  step-down  "transformer  * 

.  pole .  > 

2  J  •  Make  secondary  distribution  jumper  - 
connections. 

X  *  -  ■  4 

F.  Questions.  *         *  /  ^ 
v.    Test:    Nohe.  " 


INSTRUCTOR  ACTIVITY 


CE  "A" 
STUDENT 


IG  2.1.9 
•ACTIVITY 
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CE  "A"  IG  2.1.10 


 .       NAVAL  CONSTRUCTION  TRAINING  CENTER 

ifORT  HUE1EME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018* 


Classification:  Unclassified- 
Topic:     Pole  Top  Rescue      /  .Terminal  Objective:    Upon  completion  of  this  unit 

the  student  will  be  able  Co  install  an  overhead 

Average  Time:     1  Period  *  (Class) ,   6  Periods   (Pract)  distribution  system  rated  up  to  5000  volts,  and 

"  '  operate  alternating  current  generators  up  to  200  KW, 

Instructional.  Materials:              ,  *    '       singly  or  in  parallel.    Installation  and  operation 

f                                            *  o            will  be  performed  in  accordance  with  appropriate 

A.     Texts:.  3ob  sheets.  - 

1,     Construction  Electrician  3  &  2,  NAVPERS    ~~  Enabling  Objectives:    Upon  completion  of  this  topic 

10636-G,  chapter  9.  the  student  will  lie  able  to  perform  pole  top  rescue 

procedures  while  adhering  to'  required  saf etyTnre*5 — 
cautions*    Rescue  performance  will  be  in  accordance 
with  the  Job  Sheet  CE  V  JS  2.1.10.1,  "Pole  Top  * 
Rescue-1.    Steps  cf  procedure  will  be  executed  1002 
correct. 


2.     Lineman* s  and  Cableman's  Handbook,  4th 
-c     edition,  Kurtz;  McGraw-Hill  Book  Co., 
:  .  New  York;  N.Y. 

B.  .References;  Hone. 

C.  Tools,  "Equipment  and  Materials. 

1.     TooLs  and  equipment*  _^ 
Climbing  gear. 
*  ■»  b .     Kandline.  * 

c.  Harness  with  lifeline/ 

d.  Blanket. 

Dt     Training,  Aids  and  Devices. 


Criterion  Test:    The  student  will  perform  pole  top 
rescue  procedures  in  accordance  with  the  job  sheet 
CE  "A"  JS  2.1.10.1,  "Pole  Top  Rescue".  Rescue 
procedures  will  be rexecutad  100%  correct. 

Homework:  Read:  Lineman's  and  Cableman's  Handbook, 
section  49,  pp.  49-1  thru  49-16. 
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£70 

CE^'A"  IG  i_.10 


."1.  Films: 

*  *  * 

a.    MA-9559,  ''Resuscitation,  Mouth-co-Mouthi 
Mouth-to-Nose'\,  (23  min.). 

^ 

-b.    POL-001,  "Pole  Ttfp  Rescue  and  Closed 
Heart  Massage",? (10  min.). 

2.    locally -Prepared  Materials: 

a*    Job  Sheet.  \ 

(1)    CE  ''A"  JS  2.1.10.1,  "Pole  Top  Rescue". 

R.    Training  Aids  Equipment:  ■ 

1.    16mm  movie  projector'.  .  , 
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'..2  n  '.3; 
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OUTLINE  0?  INSTRUCTION 

I*    Introduction  to  the  lesson* 

A.  ^Establish  contact* 
lr  Name: 

2.    Topic:    Pole  Top  Rescue. 

B.  Establish  readiness* 
!•  Purpose. 

2.    Assignment.  * 

C.  Establish  effect. 
1.  Value. 


INSTRUCTOR  ACTIVITY 


LA.    Introduce  self  and  topic, 


CE  "A"  IG  1.10 
STUDENT  ACTIVITY 


I.B.    Motivate  student. 


I.C._  Bring  out  need  and  value 
of  material  being' presented. 


h.    Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction -Electrician*. 
0.  Overview: 

1.    First  aid  for  lineman. 
A.  Films. 

b.  -Wounds  and  control- bleeding. 

c.  Shock. 

d.  Artificial  respiration. 

e.  Burns. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
students. 
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gyyLIKK  OF  INSTRUCTION 

2.  Introduce  Job  sheet. 

3,  Steps  of  procedure. 


a.    Perform  pole  top  rescue  of  an 
injured  lineman. 


4.  Questions* 
II,  Presentation. 
"  A.    First  aid  for  lineman, 
1.  Films: 


/  — -t 


a.    MA-9559,  "Resuscitation,  Mouth-to 
Mouth,  Mouth-to-Nose*\  (23min.). 


Closed  Heart  Massage",  (10  minTJ^ 
2.    Wounds  and  control  of  bleeding. 

a.  .Wound  is  any  break  in  the  skin.  - 

b.  Two  classes  of  wounds.  ■  • 

(1)  Severe  ^bleeding . 

(2)  Bleeding  iS  not  severe. 

c.  Control  of  severe  bleeding  between 
the  wound  and  the  heart  at  the 
pressure  point  nearest  the  wound. 


40Q 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.10 
STUDENT  ACTIVITY 


II.A.l.  Show  £ilms  and  discuss  II.A.l.  Take  notes 
highlights.  during  discussion. 


II.A.2.C.    Demonstrate:    Ask  for 
a  student  volunteer,  point  out" 
where  the  arterial  pressure 
point3  are  on  his  body  and  head. 
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OF  INSTRUCTION 


(1)    Apply  pressure  with  fingers 
at  the  following  locations * 

(a)  At  the  temple  in  front  of 
the  ear  against  the  skull . 

(b)  About  an  inch  forward 
from  the  angle  of  the 
lower  jaw* 

(c)  In  the  neck  at  the  side 
of  the  wind  pipe,  against 

*  the*  backbone* 

(d)  Behind  the  inner  end, of 
the  collarbone,  down 
against  the  first  rib* 

(e)  On  the  inner  side  of  the 
upper  ana,  halfway  between 
the  shoulder  and  elbow* 


 *  — 4£) — f>™         innqr  ftjde  of  the 

thigh  about  four  inches 
below  the  groin* 

d*    Control  of  not  severe  bleeding* 

(1)    Apply  antiseptic,  steriie 

dressing  and  a  bandage  firmly 
in  place* 


INSTRUCTOR  ACTIVITY 

II.A.2*c*(l)  Refer  to  following 
sketch  for  pressure  points: 

ftLOOO  MESSUIU  POINTS 
I  f#t  tft*  C*Mr*t  •<  |l««*Ji«| 

"i 

Tt#POtAL  - 
90n  SCAL*  AMD 

urn*  fptTMM  %*  mcao 

SUftCl  AVIAN  • 
rOftSHWiSfft  *. 
Oft  Aftlf 


CB  "A"  IG  2*1*10 
STUDENT  ACTIVITY 


T»0  . 
Nf  €«  - 
H€A* 

•PACM 

FOft lOwit, 


OA 


iquet»  are  useful  in 
cations:     On  the  bra- 
artery  about  the  Middle 

upper  art  and  on  the 
1  artery  in  the  groin* 
two  points  should  * 
care  of  bleeding  at  any 
below  thee.  Pressure 
be  applied  tight 


_    to  stop  the  blood 
frow  spurting  and  should  be 
released  every  15  ainutes; 
if  bleeding  starts  again*  the 
bandage  should  be  tightened* 


3*  Shock. 


a*    A  disturbance  of  the  nervous  system 
rest  Lcing  in  a  "depressed  state  of 
ail  body  functions  due  to , lack  of 

proper  circulation*  The_roore_   

 ^erious^the "injury,  the  more  severe 

the  shock* 

.  ~i  (5  of  13) 
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b.  •  Symptoms*    °  . 

(1)  Face  is  pale..        »  \_    0  " 

(2)  Skin  is  cool  and  clammy  with 

perspiTation-around~the~ubse,     „  1 
mouth  and  forehead.  • 

 _  :  (3J  gtflse  -  fast  and  weak.  *  * 

<>  *      ~~  # 

(4)    Eyes  -  lack  luster  and  pupils 

may, be  dilated.  ~ 

a  *  • 

~(5)~  Br*athJjig_-_shall<^^   

(6)  Dizziness,  nausea  and  vomiting'  7 

may  occur,  '*   *  "    "~   : 

„  * 

(7)  Irv  severe  cases,  unconsciousness  :  ~  s"  

way  develop.  . 


RIC  r°12 


~.   Tfeatsemr;  —  :   o 


(1)    Keep  injured  lying  down,  his 
head  level  with  his  body. 


"(2-) — Keep  warm,  coficcr\^bo4A 
temperature* 


<3)    If  conscious,  give  hot  jtea  or 
.  coffee  in  small  quantities. 

(4)    If  injured  becomes  nauseated, 
discontinue  1'iquid. 

.  •    ■    r  '. 
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WTLINE  OF  INSTRUCTION 


4.    Artificial  respiration. 


a. 


In  all  cases  of  ASPHYXIA,  (drowning* 
hanging,  gas  poisoning,  electric 
shock)  the  heart  usually  continues 
to  function  for  cn  undetermined  " 
period  of  tine*    Artificial  respir- 
ation started  immediately  during 
this  Interval  nay  save  a  life.  *  * 


Burns. 


INSTRUCTOR  ACTIVITY 


H.A.A.a.    Explain:    ASPHYXIA  - 
the. extreme  condition  caused 
by  lack  of  oxygen  due  to  inter- 
ference with  respiration. 


CB  "Au  IC  2-1.10 
STUDENT  ACTIVITY 


Injuries  caused  by  dry  he*t,  fire, 
electricity,; hot * solutions ,  steam 
and  themicals  such  as  acids_or* 
alkalis.    Electricity  may  cause 
burns  either  by  current  passing" 
through«the  body  or  bv  an  Electric 
flash\     \  - 


b.  Classification; 


50 1 


W   ,rirst  Dgftree*-  r widening -of  the 
'skin. 

(2)  Second  Decree  -  the  formation 
Miners. 

(3)  Third  Degree  ~  deeper  destruction 
of  tissue  such  as  charring. 

c.    Treatment. '        -  1 

-r     (1)    Immerse  burned  area  in  ice 
water  until  pniu  subsides. 

(2)    Use  wet  packs  scakiHi  in  ice'  - 
water  -  keep  wet  by  gently 
pouring  ice  water  over  pack. 

*'  • 
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OUTLINE  OF  INSTRUCT!^ 


(3)  Minor  burns.  ^ 

^  (a)    Apply  medication  to  a 

sterile  dressing  and  place 
over  burn. 

(b)    Apply  bandage  lightly. 

(4)  Major  burns. 

(a)  Apply  sterile  dressing  and 
cover  with  a  blanket  or 

~  •  other  suitable  material. 

(b)  Treat  for  shock. 

(c)  Do  not  attempt  tc  remove 
charred  particles  of 
clothing  from  burned  area. 

Introduce  job  sheet.  ~* 

A        ,  O  . 

-  t 

1.  CE  "A"  JS  2.1.10.1,  "PclV  Top  Rescue".  * 
Steps  of  procedure.  , 

**  ft  * 

.  o 

I.    Perfocm  pole  top  rescue  of  an  injured 
lioeaan.. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.10 
STUDENT  ACTIVITY" 


B. 


C. 


II.B.l.    Issue-job  sheets. 


.a.    Rescuer  #i:  .  Hake  a  quick  survey  of 
the.vlct*lmrs  accident  .situation  and 
ensure  that  a  rescue  can  be  safely 
accomplished  in  *a  short  period  pf 

(1)    Victim  in  concact  with  ov.er- 
4      head  conductor  -  use  i>on~  * 
conducting  material  to  clear 
trom  electrical  contact.. 


Il«C..l.a.    Situation  ~  rescuer  #1 
will  b.e  working  with  Intended 
victim  on  the  pole  at  the 
time  of  the  simulated  accident. 


(S  oc  13) 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


(a)  '  Speed  is  important,  but  the 
rescuer  shaj.1  take  all  pre- 
cautions for  his  own  safety. 

(2)    Assume,  a  position  on  the  pole" 
t  next  to  victimcso  that  you  can 
swing  his  body  over  your  safet/ 
strap.  -  -% 

(a)    Victim's  body  shall  be 

positioned  face  up  on  .  the 
safety  strap. 

.(3)    The  victim's  head  should  be 

tilted  into  maximum  extension 
-by  pressing  upward  on  jaw  with 
one  hand  and  push  the  crown  of 
the  head  back  with  the  other 
hand* 


e 

CE  "AT  IG  .1.10 
STUDENT  ACTIVITY 


II.C.l.a.(3)  '.Demonstrate:  Use 
volunteer  to  dhow  the  following? 


(4)  Tike  a  dotip  breath  and  joal 
your  woutu  across  the  victim's' 
mouth  and  breathe  air  into  his 
lungs* 

(5)  When  victim's  chest  expands, 
remove  your  mouth  and  listen 
for  escaping  air. 

(6)  Continue  rescue  breathing 
at  the  rate  of  12  to  15  m 
breaths  p«*t  diuute. 


iriC.l.^rO)    Stress:    If  stomach 
bulges  press  gently  to  remove 
excess  air.  I 


50$ 
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OUTLIKE  OF  INSTRUCTION . 


INSTRUCTOR  ACTIVITY 


CB  "A*  16  2.1.10 
STUPB8T  ACTIVITY 


b.  ^Rescuer  §2  -  After  victim  is  posit-     H.C.l.b.    Explain;    This  procedure 
ioned  across^ rescuer  #l's  safety   *       should  be  applied  when  there  Is 
strap,  proceed  to  climb  to  a  position  absence  of  a  heartbeat  or  pulse, 
directly  under  the  victim  in  order  / 
to  apply  "external  heart  resiisci- 

tat ion".  .  4 

,  (1)    Position  -  your  arms' around 

uppfer  chest  of  the  victim  and 
locate  the  lower. half  of  the 
breast  bone  just  below  it's 
center. 


(2)    Place  both  hands  on  this 

position  with  the  thumb  end  - 
of  clenched  fist  against  breast 
bone,  and  other  hand  applying  . 
pressure  over  clenched  fist. 


II.C.l.b.(2)  Demonstrate  as  per 
sketch. 


9 

r.ERIC 


c.  Rescuer  #1  -  after'.each  period  of  5 
pressure  strokes,  (by  rescuer  --2) 
apply  2  rescue  breaths, 

d.  Continue  chest >'resuscitat ion  cycles 
until  the .victim  is-revived. 


(10  of  13) 


511 


OUTLINE  OF  INSTRUCTION 


*-    e.    Rescuer  111  -  when  victim  is  revived 
and  breathing  on  his  own,  prepare 

to  lower  him., 

«* 

.(1)    Signal  to  groundm^n  to  hoist 
the  rescue  tackle  and  har- 
ness* 

(2)    After  receiving  harness  (with 

li/eline  attached)  throw  over  , 
crossarm  and  place  on  victim* 

•  ,    (a)    When  harness  is  on  the 
—  victim,  the  ground  crew 
(3  men)  will  take  a 
strain  on  the  lifeline 
to  relieve  the  weight  on  , 

_  ^  rescuerHPlJ 8  safety  strap. 

Ground  crew  will  strictly 
adhere  to  the  commands 
from  rescuers  #1  ai.d  #2. 

i .    Rescuer  tfl  -  swing  victim  into  a 
safe  position  foi  !owr-rtng  to  the 
ground . 

(1)    Signal  to  ground  crew  to 
begin  lowering.' 

(a)    Ensure  -  that  hand  line  will 
nop  slip  off  the  crossarm. 
Pin  insulator  shall  be 
installed  near  end  of 
crossarm. 


aP79 

CE  "A"  IG  .1.10 
INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

II. C. I.e.    Note:    If  rescue 
harness  is  not  available  the 
handline  should  be  used  by  pas- 
sing sna£_hook  through  both-'M)"'  

rings  and  snap  onto  first  "D" 
ring  passed  through,  demonstrate. 

II.C.l,e.(2)    Demonstrate:    On  *  * 
classroom  pole  and  crossarm. 


Il.C.l.f.    Rescuer  //2  will  assist 
in  positioning  victim  for  lowering  - 
to  ground. 


513 
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OPtUiK  OF  IMSIRUCTION 


INSTRUCTOR  ACTIVITY 


(2).   Ground  crew  will  lower  victim 
slowly  and  gently  using  hand 
over- haiid  method  on  the  life-* 

/line.-    -  y  [\  r  -  .  ■  : 

<3)    Lifeline lis  guided  by  rescuer 
,     and  #2y  to  maintain  victim's 
descent  to  the  ground  in  a 
safe  manner,       ~  ; 

<4)    Place  vie ti*  on  a  blanket  and  * 

cover  him  after  releasing 
harness.  a 

III.  Application. 

A.    Student  practice  -  perform  pole  top  rescue 
in  accordance  with  steps  of  procedure  in 
outlined  in  job  sheet  CE  "A"  JS  2.1.10.1 
"Pole  Top  Rescue". 

IV.  Summary.  c 

A.    First  aid  for  lineman. 

1.  Films. 

2.  Wounds  and  control  of  bleeding. 

3.  Shock. 

Artificial  respiration. 
5.'  Burns. 


CE  "A"  IG  2.1.10 
STUDENT  ACTIVITY 


II.C.l.f.(4)    All  steps  of 
procedures  shall  be  executed 
100%  correct. 


K   (12  oC  13) 
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OUTLINE  OF  IMSnOCTIOW 

B.  Introduce  job  sheet. 

C.  Steps  of  procedure* 

1.  ,Perforn  pole  top  rescue  of  an  injured 
lineman. 

V,    Test:  None. 


INSTRUCTOR  ACTIVITY 


CE  V  10  ..1.10 
STUDENT  ACTIVITY 


0  * 


Si  7 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENB1E,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 


>  \ 


Classification:  Unclassified 
Topic:    Power  Plants 

Av+rage  Time:  2  Periods  (Class) ,  7  Periods  (Pract) 
Instructional  Materials:  •  v 

A.    Texts:  ^ 

I.    Construction  Electrician  3  &  2,  NAVPERS 
10636-G,  chapter  8. 

5*    References:  None. 

C.    fools*  'Equipment  and  Materials: 


Equipment • 

Generators  -  120/208V,  3  phase,  A*  wire. 

(1)  3-15  KW. 

(2)  4-100  KW. 
•    (3)    1-150  KW. 

(4)   1-200  nr. 

b»    Load  bank: 

(1)    250  KW  resistor-type, 
c.    Switchboard  and  associated  equipment 7 
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Terminal  Objective:  ^Upon  completion  of  this  unit 
the  student  vlH  be  able  to  install  an  overhead 
distribution,  system  rated  up  to  5000  volts,  and 
operate  alternating  current  generators  up 'to  200  KW 
singly  or  in  parallel.    Installation  and  operation  will 
be  performed  in  accordance  with  appropriate  job  sheets. 

Enabling  Objectives:    Upon  completion  of  this  topic 
the  student  will  be  able  to  operate  a  power  plant  ... 
housing  generators  of  varying  capacities  up  to  200  KW. 
Generators  will  be  operated  singly  or  in  parallel  in 
accordance  with  procedures  outlined  in  the  Job  sheet 
CE  "A"  JS  2.1.11.1,  "Power  Plants".  Operating 
Procedures  will  be  performed  withoutjerror. 

Criterion  Test":    The  student  will  perform  prestart 
checks  .and  operate  generators  either  singly  or  in 
parallel.    All  procedures  will  be  executed  100%  coxr^ct 

Homework:    Read:    Construction  Electrician  3»  &  2; 
HAVPERS  10636-*;,  chapter  8,  pp.  177-196. 
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«  CE  "A"  IG  2.1.11. 


"2..  Materials: 

a.  Diesel  fuel.-*  * 

b.  Crankcase  oil. 

c.  Distilled  water.  ' 
D.    Training  Aids  and  Devices: 

1.    Locally  Prepared  Material, 
a.    Job  Sheet. 

(1)    JCE  "A"  JS  2.1.11.1,  "Power  Plants" 


E. — TralnlngTftas  Equipment:  None. 
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OUTLINE  OP  INSTRUCTION 
I.  ,  Introduction  to  the  lesson. 
A*_  Establish  contact. 

1.  Name: 

2.  Topic:    Power  Plants. 

r      B.    Establish  readiness.  

_    _       ^    Purpose.    ,  • 

2.  Assignment.  1 
C.    Establish  effect. 

I.  Value. 

a.    Pass  course. 
,   b.    Perfora  better  on,  the  Job. 

c.  Get  advanced. 

d.  He  a  better  Construction  Electrician. 

Overview: 

1.    Introduction  to  power  plants* 
^2.    Job  sheet. 

3.  .Power  plant  operation. 

r 

^.  Question 


INSTRUCTOR  ACTIVITY. 


I  .A.    Introduce  self  and  topic. 


CE  "A"  IG  <*.1JJ^ 
STUDENT  ACTIVITY 


_L-B.— Motivate"  student . 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 


U  *m 
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.  -  V  CE  "A"  IC  ..1.11 

OUTLINE  OF  INSTRUCTION.  INSTRUCTOR  ACTIVITY  -  STUDENT  ACTIVITY 

-  ■  -  ■  ■  ■  —     >  '     '       ~  * 

II*    Presentation.  '  ,  ,   .   _  *  -v  —  — — — '         ~"  '  ■ 

A.  Intro^^tojELic.'_~ — — - —   . 

1.    Power  plants.  I 

a.  Advanced  base.  _  - 
-Permanent  base. 

*  c.    Combat  areas.         ,  * 
d.    Temporary  power. for  new  construction.. 

.  e.   .Emergency  power.  ■ 

B-    introduce  Job  sheet.  -    —  '  * 

1.    CE  "A"  JS  2.1.11,1,  "Power  Plants". 

.  C.    Steps  of  procedure.  &  >» 

I.    Prestart  check  of  generators,  prime  „  •  *  p 

movers,  and  equipment.  (Two  15  KW  units.) 

•  •  *  *  .  * 
*•    Fuel  tanks  -verify  that  fuel  tanks  , 

are  .full  by  reading  level  on  fuel 
tank  dipstick,  or  fuel  gauge, 

b.  Crankcase  -  check  by  reading  level  on  % 
dipstick.   

a  c.    Radiator  -  check  water  level  and  add 
If  required. 

d.    Batteries  -  check  liquid  level  and  add 
distilled  water  if  required  to  pre- 
scribed level. 


S2i  • . 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  4.1.11 
STUDENT  ACTIVITY 


Generator  circuit  breaker  -  (located  - 
on  each  generator*)   .Place  in  the 
"OFF"  or  "OPEN"  position. 


,f .    Voltage  regulator  switch  -  Place 
switch  in  the  MANUAL  position  and 
rotate  field  control  knob  to  the 
maximum  decrease  position. 


II 
be 


,C.l«f.  Prestart4checka  shall 
executed  100%  correct. 


2.    Starting  prime  mover.  * 

a.  Locate  speed  control  -and  position 
half  way  between  its  minimum  and 
maximum  position. 

b.  Locate  engine  -  start  -  switch  and 
depress  to  activate  the  battery, 
operated  cranking  motor.,  WheS  engine 
is  running,  place  switch  to  the  UP 
(run)  position. 

(1)    Check  lubricating  oil.  pressure 
gauge.    If  no  pressure  after  * 

*     ,   10  seconds,  stop  Lhe  engine  by- 
pulling  the  STOP-CONTROL  handle 
.    put .all  the  way. 

c.  Adjust  speed  control  .»r  frequency 
control  vernier  knob  until  the  fre- 
quency registers  60  Hertz.  - 

*-  d.    Adjust  voltage  regulator  rheostat 
"until  the  A. C,  voltmeter  indicates 
208  volts.  , 


II.C.2td.    Stiress:    Outmost  gener- 
ators^, the  output  voltage  is  derived^ 
from  a  3  phase,  4  wire  wye  confi^nf- 
ation,  or  phase-to-phase  (208  volts) 
and  phase-to-ground  (120  volts). 
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OUTLINE  OP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IC  2.1.11 
STUDENT  ACTIVITY 


.A 


e.  Rechcck  all  meters  for  correct  *  . 
frequency,  voltage,  oil  pressure,                           *  "  ; 
water  temperature  and  battery 

charging  ammeter*  * 

f .  When  all  systems  appear  nonul,  place  II.C.2.f •    P.rioe  movers  .should       II.C.2.f.  Practical 
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ERIC 


voltage  regulator  in  the  automatic 
position  and  adjust  voltage  to  208 
volts.  f 

3.    Apply  resistor  load  to  generator 

(for  single  operation) . 

*****  *        *  » 

•v. 

a.  Check  main  breaker  on  the  load 
bank.    (Place  in  the  OFF  posit- 
ion.) 

b.  Place  the  generator  circuit 
breaker  to  the  ON  or  CLOSED 
position/ 

c.  Place  the  switchboard  circuit 
breaker  to  the  ON  or  CLOSED 
position. 


be  up  to  operating  temperatures 
before  applying  .load •  Cold 
application  of  load  can  cause 
damage  to  both  generator  and 
prime  mover..  *  fa 


II.C.3.*.    Stress:   .If  this 
breaker  is  in  the  ON  position 
when  the  switchboard  circuit 
breaker  is  placed  in  the  ON 
position ,  the  generator  circuit 
breaker  will  trip.  f-*4 


performance:  Prestart 
checks  shall  be  executed 
100%  correct*. 


NOTE:    The  load  bank  cooling  fan 
warning  signal  will  operate  for 
approximately  2  seconds. 

Place  the  switchboard  buas-tie 


  „„  ,„  LjII.C.3.d.    Stress^:    The  buss-tie/ 

breaker  in  the  CLOSED  position  by      ^breaker  requires  power  to  operate 
pressii^  the  CLOSED  (black  button).     electrically  -  therefore,  bptii  the 
/  "*        switchboard  and  generator/breakers 

on  the  operating  unit  mjist  be  in. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CB  MAM  IG  2.1.11 
STUDENT  ACTIVITY 


e.  Place  the  load  bank  main  circuit 
breaker  in  the  ON  position  and  check 
voltage  on  load  bank -voltmeter  and 
frequency  meter.  _ ' 

* 

f .  Apply  small  load  of  7-  KW  to  warm  the 
generator  and  activate  the  governor 
and  voltage  regulator.    Check  and 
adjust  volts* and  Hertz  if  required. 

g.  Apply  additional  load  of  10  KW 
\  ■  for  a  total  of  17  KW  -  a  2  KW 

overload.    Check  readings  and -run 
unit  on  overload  for  approximately 
2-5  minutes. 


II.C.3.f.    The  7  KWj resistor 
load  will  indicate  approximately 
33.6  amps.    (Run  at  this  load  for 
approximately  5.  minutes.) 
Applying  the  load  by  the  student 
will  be  closely  supervised  by 
the  instructor. 


h.  Reduce  load  by  disconnecting  7  KW, 
and  prepare  second  generator  for 
parallel  operation. 

i.  Che.?k  volts  and  amps  across  all 
phases  by  turning  the  appropriate 
selector  switches. 


H'.C.3.h.    Second  IS  KW  unit  should 
be  up  to  operating  temperature  and 
ready  for  parallel  operation*. 

II .C* 3.1.    Volts  and  amps  should 
read  the  same. across  all  phases.. 


\ 


j.    Check  water  cooling  and  lube  oil 
pressure  on  both  units. 

A.    Parallel  operation  (for  2  15  KW  units) 

a.  Place  generator  main  breaker  to 
*  OH  position  on  No.  2  unit. 

b.  Place  the  synchronizing  lamp 

\  switch  (on  the  power  unit  to  be 

\        *  paralleled)  in  the  ON  position. 


II.C.4.a.    This  will  connect  2nd 
unit  to  main  buss  for  parallel 
operation.  - 


S30-.  ' 
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OUTLIME  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A11  IC  .1.11 
STUDENT  ACTIVITY 


c.  Turn  the  vernier  knob  on  #2  unit 
until  both  units  are  operating  at 
approximately  the  same  frequency. 
The  synchronizing  lamps  will  glow 
and  go  out  at  a  very  slow  rate. 

d.  Stand  by  the  Switchboard  breaker 
(for  the  generator  to  be  paralleled) 
and  wait  until  Jamps  go  out.  At 
that  moment,  place  the  breaker  in 
the  OH  position. . 

e.  Adjust  vernier  knob  (on  No.  2. unit) 
to  increase  speed  to  share  1/2  of 
the  10  KW  load.    Check  Herts, 

'  volts  and  amps  on  the  two  units, 
and  insure  that  the  load  is 
equally  distributed. 

5.    Securing  parallel  operation, 

a.  On  Ncu2  unit,  disconnect  switchboard 
circtjit  breaker,  disconnect  generator 
circiiTt  breaker,  if  lace  voltage 
regulator  svitcj/to  the  manual  position 
decrease  voltage  to  "0",  slow  engine 

.  (with  vernier)  to  idle  speed,  pull 
engine  stop  knob  all  the  way,  after  * 
engine  stops,  push  knob  all  the  way  in. 

b.  Disconnect  10  KW  load  and  main  circuit 
breaker  on  the  load  bank. 


Il.CJt.c.    When  equal  speed  is 
obtained,  the  matching  frequen- 
cies will  Ve  indicated  by^the 
slow  change  in  the  brilliance 
Of  the  synchronizing  lamps. 

II.C.A.d.    Time9 the  dark  interval, 
then  in  the  middle  of  this  interval, 


place  the  circuit  breaker 
ON  position. 


n  the 


1  %J  A* 


d. 


OPEN  Che  buss-tie  breaker  (red 
button) . 

Place  the  switchboard  circuit  in 
tneOFF  position. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CB  "A"  IG  2.1.11 
STUDENT  ACTIVITY 


e.  Place  the  generator  main  breaker 
In  the  OFF  position. 

f.  Place  the  voltage  regulator  switch 
to  the  MANUAL  position  and  decrease 
voltage  to  M0". 

g.  Slow  engine  (with  vernier)  to  idle 
speed,  pull  engine  stop  knob  all  the 
way  out.    After  engine  stops, 
return  -knob  to  normal  start  position. 


III.  Application. 

t  A.     Student  practice.  e 

1.  Prestart  checks. 

*  ... 

2.  "  Operate  one  generator  unit* 

3.  .Operating  two  in  parallel,  with 

load/ 

4.  Securing  procedures'. 
Summary.  - 

A.  Introduction  to  power  plants. 

B.  Job  sheet.  -  <  *  ,'.  c 

C.  Power  plant  operations. 

* 

D.  Questions. 
None. 


IV 


V. 


II.C.4.g.    Before  securing  either, 
unit  (after  students  have  comp- 
leted their  practical  performance) 
allow  for  cooling  time  to  lower 
temperatures  for  approximately 
15-20  minutes. 


II.C.4.g.    Practical  ■ 
performance;  Single 
and.  parallel- resistor 
load  operating  and 
securing  procedures 
shall  be  executed 
100X  correct. . 


Test 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEHE,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING*  COURSE  A-721-0018 


>   Ulaaalflcatlon:  Unclassified 

Topic:    Systems  Testing  * 

Average  Tins:    1  Period  (Class),  2  Periods  (Pract 

Instructional  Materials: 

A*    Texts:  ^ 

1.    Construction  electrician  3  6*2,  NAVPERS 
10636-C,  chapter  4. 

B.  ,  References:  None. 

C.  Tool,  Equipment  and  Material:  • 

1.  Lineman *s  tool  kit. 

2,  Climbing  gear . 

3*  ViWroground  test  meter  (ground-o-meter) . 

4.  Simpson*  260  (Multimeter). 

5.  Clamp-on  amneter-yoltmeter.  * 

D.  Training  Aids  and  Devices: 

1.     Locally  Prepared  Material: 


Terminal  Objective:    Upon  completion  of  this  unit 
the  student  will  be  able  to  install  an  overhead  distribution 
system  rated  up  to  5000  volts,  and  operate  alternating 
current  generators  up  to  200  KW,  singly  or  in  parallel; 
Installation  and  operation  will  be  performed  in 
accordance  with  appropriate  job  sheets. 

Enabling  Objectives:    Upon  completion  of  this  topic 

the  student  will  be  able  to  conduct  various  tests  -/ 

-on  transformer  secondaries  and- check  systems  gromada. 
Ground  checks  will  be  performed  while  the  system  ~% 
is  de-energized,  and  the  secondary  systems  testing  C-* 

-^ill  be  conducted  while  systems  are  energized  by  the. 
power  plant.    Testing  and  ground  check  procedures  as  « 
outlined  in  Job  Sheet  CE  "A" . JS  2.1.12.1,  "Systems 
Testing'1  will  be  executed  100Z  correct. 

Criterion  Test:    The  student  will  conduct  various 
tests  on  transformer  secondaries  for  voltage  and 
current,  and  check  systems  grounds.    Tests  will  be 
conducted  while  systems  are  energized.    Ground  checks 
will  be  made  when  systems  are  de-eaerglzed*  All 
procedures  will  be  executed  100Z  correct. 

Homework:    Read:    Construction  Electrician  3  &  2, 
NAVPERS  10636rG,  chapter  4,  pp.  41  -  ?4. 
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a*    Job  sheet. 


*     *  (I)    CE  "A"  JS  2.1.12.1,  ''Systems  Testing". 
E.    Training  Aids  Equipment:  None. 


b'23  "  .  (2ofll) 
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OUTLIKE  OF  DiSTBUCTIOH 

I*    Introduction  to  the  lesson. 

A.  Establish  contact.  * 

1.  Hame:    —  .  -  > 

>;     2v    Topic:    Systems  Testing, 

B.  Establish  readiness. 
1-  Purpose. 

2.  Assignment. 

C.  Establish  effect. 

1.  Value. 

a.  Pass,  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced.  y 

V  ;d.    Be  a  better  Construction  Electrician, 

D.  Overview:  '  * 

Test  equipment. 

a .  Vlbroground . - 

b.  Multi-meter  (Simpson  260). 

c.  Claim—on  ammeter-voltmeter . 

2.  Job  sheet.  , 


IHSTRUCTOR  ACTIVITY 


I. A,    Introduce  self  and  topic. 


CB  "A"  IG  2,1 ;12 
STUDENT  ACTIVITY 


I.B.    Motivate  student* 


I.C.  Bring  out  need  and  value  of 
material  being  presented. 


I.D.    State  learning  objectives, 

j..    State  information  and 
materials  necessary  to  guide 
student. 


■541. 


540" 


(3  of  11) 


-£K   


OUTLINE  OP  INSTRUCTION 

3.  Steps jbf  procedure • 

4.  "  Questions « 
II Presentation, 

A.    Test  equipment. 
1,  Vlbroground. 

a.    Null-balance  principle. 


b.    To  check  man-made  grounds. 


c.  Operation. 

(1)    The  current  flowing*  through  " 
the  calibrated  potentiometer 
causes  a  voltage  drop  which 
is  fed  to  the,  primary  of 
the  ratio  transformer, 
inducing  a  voltage  drop  in 
thfe  secondary  causing  a 
current  flow  in  the  measur- 
ing circuit. 


INSTRUCTOR  ACTIVITY 


CE  "AM  IG  2.1.12 
STUDENT  ACTIVITY 


lI.A.l.a.    The  voltage  drop  devel- 
oped by  a  current  flowing  through 
die  unknown  ground  resistance  is 
measured  by  comparing  it  to  p 
portion  of  the  voltage  drop  u«svel- 
oped  by  that  same  current  f loving 
through  a  calibrated  potentiometer. 

II.A.l.b.    Grounds  protect  electri- 
cal systems  and  specific  electrical 
equipment  from  damage  or  destruction 
by  voltages  from  other  circuits, 
or  lightning.         .  n 


II.A.l.b. 
notes. 


Take 
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OUTLINE  OF  MSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  .16  .1.12 
STUDENT  ACTIVITY 


(2)  This  current  cancels  the 
current  In  the  measuring 
circuit  due  to  the  voltage 
drop  across  the  ground  resis- 
tance between  the  electrodes 
connected  to  terminals  X  and  1. 

(3)  When  the  potentiometer  and 
range  switch  are  adjusted  so 
that  the  two  currents  exactly 
cancel,  the  galvanometer 
needle  will 'rest  in  the  zero 
position. 

2.    Mu^lmeter  (Simpson  260). 

a.    Voltmeter  dial  setting. 

(1)    To  check  voltage  at  distri- 
bution panels  -  phase-to- 
'  phase  and  phase-to-ground . 

*  3,    Snap  on  ammeter. 

a.    To  check  secondary  distribution 
^waihs,  service  drops  .and  individ- 
ual dwelling  circuits. 

4.  Safaty. 

\ 

-  a.    Adhere  to  all  safety  procedures 
when  using  test  equipment. 

B.    Introduce  job  sheet. 

1.    CE*"A"  JS  2.1.12.1,  "Systems  Testing". 


II«A.2.a.    Always  start  at  highest 
meter  range.    This  practice 
protects  the  meter -from  injury 
if  an  attempt  is  made  to  read  a  high 
value  in  a  low  range. 


II. A. 3 .a.  Use  highest  scale  when 
starting  test. 


II .A .4 .a.  Stress:  Safety  require- 
ments for  each'  piece  of  equipment. 


II.B.l.    Pass  out  job  sheet  and  have 
students  follow  instructor  presentation. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "A"  IC  2.1.12 
STUDENT  ACTIVITY 


/ 


2.    Check  primary,  secondary'  and  service 
grounds  (before  energizing  system) 
using  vibroground  tsst  equipment. 


a.  Locate  primary  step-up  transformer  ;    II.B.l.a.    Show  vibroground 
bank-driven  ground  rod.    /  /    test  equipments 

b.  Set  up  the  two  reference  'grounds  • 
as  per  sketch: 


II.B.l.a.  Students 
follow  job  sheet 
outline, 


.  (1)    Use  leather  hammer  to  drive 
reference  grounds.  Leave 
approximately  1  1/2"  of  top 
*of  each  rod  exposed  above  ground. 

♦ 

c.    Attach  jumper  wires  and  make;  connec- 
tions as  per  sketch  II.B.2.b. 


DID 
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OUTLINE  OP  INSTRUCTION 


d.    Set  "range  selector"  jon  vlbro- 
ground  test  set  to  the  multiply 
by  10  scale. 


v 
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INSTRUCTOR  ACTIVITY 


CE  "A11  IG  2.1.12 
STUDENT  ACTIVITY 


3  ir.B.2.d,.    Explain  I  unctions 
of  vibrogroutid  controls: 

(1)  Ground  connections  - 
Terminals  X  Is  always  connected 

*  to*  the  ground  rod  to  be  tested. 
Terminals  JL  and  2  ^are.  reference 

*  grounds. 

(2)  Balance  meter  -  Shows 
balance  point  for  taking  read- 
ings.   Arrows  indicate  direction 
to  turn  potentiometer. 

P    .  (3)    Balancing  potentiometer  ^ 
Gives  trfle  ground  resistance 
reading  to  0.1  OHMS  times  range 
multiplier  when  knob  is  turned 
to  obtain  a  balanced  needle.  [ 

(4)  Range  selector  -  Multi- 
ply by  1-10-100-1000. 

Example:    Potentiometer  reads  1.8 
Range  selector  is  on  10 
Solution  -  1.8  x  10.  »  18  OHMS. 

(5)  Operating  lever  switch  - 
Pressed  upward,  it  energizes 
instrument  at  reduced  sensitivity, 
pressed  downward,  gives  maximum 

"sensitivity  for  final  adjust- 
ment of  balancing  potentiometer.  - 
"Spring  return  protects  instrument 
against  accidentally  being  left  on 
between  measurements. 
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INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.12 
STUDENT  ACTIVITY 


e.  Operate  "lever  switch"  to  UP  or 
ADJ  position* 

f .  Set  "balancing  potentiometer""  to  a 
point  where  needle  is  in  the 
center  position. 

g.  Place  "operating  lever  switch" 
into  READ  position  and  readjust 
potentiometer  if  required. 

h.  Multiply  reading  by  10  and  notify 
instructor  if  resistance  is  more 
than  3  OHHS. 


i.    Perform  ground  checks  on  secondary* 
-transformer  pole  and  dwelling 
service. 

(1)    Follow  steps  of  procedure 

outlined  in  item3  l.a.  through 
l.h. 


II.B.2.f.    Explain  arrows  cn  dial 
will  show  the  direction  to  move 
the  knob  when  required. 


II.B.2.h.  Groundin£~*equirement 
for  substationsfand:  switching 
stations  on  primary  systems  shall 
not  exceed  £  OHMS. 

'TI.B.2.1.    Stress,  safety  require- 
ments -  when  working  with  vibro- 
ground  test  equipment. 

(1)  Do  not  drop  test  set. 

(2)  Do  not  operate  "Operating 
Lever  Switch"  for  extended  periods 
of  time/ 

(3)  Do  not  drive  reference 
ground  rods  to  more  or  less 
than  1  1/2'1  out  of  the  ground. 

(4)  Do  not  exceed  10 1  6" ' 
between  rods. 


5o0 


3.,  Energize  power  plant. 

a.    Follow  procedures  outlined  in  topic 
2.1.11,  Job  Sheet  CE  "A"  JS  ,2.1.11.1, 
Power  Plants.   "*  . 


Sol 
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OUTLINE  OF  BjSraUCTIOM  > 

•  A.    Check  voltage  at  dwelling  distribution 
panels:    Phase-to-phaae  and  phase -to- 
ground  . 

a.    Select  a -multimeter  and  set  the 
following£range  0-250  volts. 


b.    Secure  multimeter  In  .a  position 
above  the  distribution  panel. 


c.  "    If  the  approximate  voltage  of  the 

circuit  to  be  tested  is  unknown 9 
start  with  the  highest  voltage 
range! 

d.  Make  the  following  yoltage  checks 
and  record  the  readings: 

_jf  I)  With  -test-leads  nacross  the 

tv/o  incoming  hot  leads  >  read 
and  record  voltage. 

(2)    With  test  leads";  read  across 
each  hot  lead  and  ground. 
Record  each  reading* 

e.  Keturn  multimeter  to  tool  room. 

5.    Check  amperage  at  the  secondary  dis- 
tribution mains,  service  drops  and 
individual  dwelling  circuits. 


a. 


Seleit  a  clamp  -ou  type  atmueter- 
voltiieter . 


\ 


INSTRUCTOR  ACTIVITY 

II. B. 4.    Stress  to  ensure  that 
proper  voltage  from  transformers 
are  found;  , 

II.B.4.a*    On  secondary  distri- 
bution you  will  be  reading 
voltages  leas  than  250  volts. 

II.B.A.b.    Eye  height  for  easy 
viewing  and  to  ensure'  against 
dropping. 


II.B.4.C.    Highest  range  would  be 
1000V.    If  reading  is  approximately 
240V  move  selector  to  250V  scale. 


CE  "A"  IC  J.1.12 
STUDENT  ACTIVITY 


II. B. 5.  "  Stress  to  ensure  proper 
balancing  of  load  across  trans- 
former secondaries . 

Il.rt.S.a.'  Amprobe  scales  as  follows; 


(.9 


Ammeter  -  0  to  6-15-40-100-300. 
Voltmeter  -  0  to  150-300-600. 

of  11) 
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OUTLINE  OF  IHSTRUCTION. 


b.  Don  climbing  gear  3nd  ascend  the 
secondary  distribution. transformer 

.pole. 

c.  .Assume  a  working  position  between 

the  4  spool  secondary  rack  and  the 
single  spool  clevis  assembly.  " 

d.  Check  each  phase  conductor  and 
neutral  ou  the  secondary  distri- 
bution system. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  z.1.12 
STUDENT  ACTIVITY 


(0* 


II.B.S.b.    Inform  student  to 
clamp  ammeter  on  to  tool  holder 
on  belt. 

II.B.5.C.    Set  meter  on  the 
0-100  ammeter  scale  before  using. 


II.B.S.d.    If  reading  is  leas 
than  40,  move  to  0-40  scale. 
If  less* than  15  move /to  0-15. 


e.  Inform  a  recorder  on  the  ground  of 
ammeter  readings  on  each  hot  phase 
and  neutral.  ; 

f.  Che:k  each  service  drop  for 
amperage  readings  at  the  drip*  * 
loops. 


(1)    Inform  recorder  of  ammeter 
readings  on  West  and  East 
service  drops. 

Descend  transformer  pole  and'* 
prepare  to  take  readings  at  the* 
interior  distribution  panels. 


h.  Place  the  main  disconnect  in  the 
OFF  position. 

(1)    Start  with  either  West  or 
1  East  panel.  * 

i.  Position  each  branch  circuit  conduc- 
tor v:th  a  loop'  for  accessible  oper- 
ation of  the  clamp  -on  ammeter. 
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OUTLINE  OP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CE  "AMG  2.1.12 
STUDENT  ACTIVITY 


j .    Place  the  main  disconnect  In  the 

ON  position.  i 

k.    Check  each  brauch  circuit  and  record    II.B.5.k.    Repeat  same  procedures 


ammeter  readings. 

1.    Add  aoceter  loads  of  individual 
branch  circuits  and  compare  with 
the  load  readings  on  the  main  • 
secondary  distribution  conductors* 

6.    Demonstrate  U9e  of  vibroground,  multi- 
meter and  clamp-on  ammeter-voltmeter. 

III.  Application. 

A,    .The  student  will  practice  taking  readings 
with  the  vibroground,  multimeter  and 
sna£-on  ammeter-voltmeter  in  accordance 
with  procedures  outlined  in  the  job  sheet 
CE  "A"  JS  :1.1:12a,  "Systems  Testing".  ' 

IV.  S*nr*tmry. 

A.  Test  equipment. 

'i..    Vibroground^   —  —  -----  - 

2.  Muiciniecer  (Simps<?n  260). 

3.  Snap-on  ammeter-voltmeter. 

B.  Job  sheet. 

C.  Seeps  of  procedure. 
>D.  Questions. 

V.  Tost:  None. 


with  remaining  panel. 

II. B. 5.1.    All  circuit  checking 
procedures  shall  be  executed 
100Z  correct. 


»>  r\ 
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CE  "AM  1G  2.1.13 


NAVAL  CONSTRUCTION  TRAINING  CENTER  *  \ 

.  PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN  nA"  SCHOOL  TRAINING  COURSE  A-721-0018 

Classification:    Unclassified  ■  \  *  / 

topic;  ^Disassemble  pblelinc  Terminal  Objective:    Upon  completion! qf  this  unij^ 

the  student  will  be  able  to  install  an  overhead 
Average  Time:    1  Period  (Class) >  10  Periods  (Pract),     distribution  system  up  to  5000  volts,  ?nd  operate  (! 

\    alternating  current  generators  up  to  200  KWt  singly. 

Instructional  Materials: 
A.  Texts: 


1.    Construction  Electrician  3  6  2,  NAVPERS 
10636-G,  chapter  9* 

_      -  if 

B.  References:    None.  1 

C.  Tools,  Equipment  and  Material: 

1.  Lineman's  tool  kit. 

2.  Climbing  gear. 
.  3.  Handline. 

4.  Tagline. 

5.  Wire  grips.  * 

■       #  *  » 

•  ° 

6.  Pole-top  gin",  o 

7<    Block  and  ta«  kle. 

«  •> 

8     Reel  hoU'-r  und  2  reels. 


or  in  parallel.    Installation  and  operation  will'  fce\ 
performed  in  accordance  with  appropriate  job  sheets,  — 

Enabling  Obje<  tives:    Upon  completion  o^this  topic 
the  student  w:  11  be  able  to  disassemble  the  primary  \ 
and  secondary  distribution  systems ,  and  associated 
materials  and  equipment.    Disassembly  and  storage 
Of  npterlals  trill  be  done  in  accordance  with  the  Job  \ 
Sheet  CE  "A"  JS  2.1.13. L,  "Disassemble  Poleline". 
Steps  of  procedure  will  be  done  without  error. 

Criterion  Test:  s The  student  will  disassemble  the  \ 
primary  and  secondary  distribution  systems,  and 
associated  materials  and  equipment.    All  work  will  be 
done  in  accordance  with  the  Job* Sheet  CE  "A"  JS  2.1.13.1 
''Disassemble  Poleline",  and  will  be  performed  100% 
correct. 

Homework:  Hone. 
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Training  Aid*  and  Devices: 

i- 

1.    Locally  Prepared  Materials: 

I  -  # 

a.    Job,  Sheet. 

(1)    CB  "A"  JS  2.1.13.1,  "Disassemble 
S  Poleline". 

Training  Aids  Equipment;  None. 

1  I 


! 


4 


\  • 
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OUTLINE  OF  INSTRUCTION 
1.    Introduction  to  the  lesson.* 
_  A.    Establish  contact. 

1.  Maine; 

.  * 

2.  Topic:    Disassemble  Poleline. 

B.  Establish  readiness.  x- 

Purpose.  1 

/ '  s 

;  2.    Assignment.  '  \ 

«  *  *  -  ' 

C.  Establish  effect. 
I.  Value. 

a.  Pass  course; 

b.  Perform  better  on  the  job. 
e.    Get  advanced. 

d.    Be  a  better  Construction  Electrician. 

D.  Overview: 

1.     Introdu^r Job  sheet. 
2r    Steps  of  procedure. 

c  a.    Remove  primary  conductors- from ~- 

^ZZT^= -- fused- cutouts  at  platform-mounted 
trans  former,  bank.  '  ' 


INSTRUCTOR  ACTIVITY 


I.A.^   Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning-objectives. 

1.-    State  information  and 
materials  necessary  to  guide 
student. 


.562 
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b.    Disconnect  and  remove  primary  and* 
\  sec.orida.ry  jumper  wLres  at  the 
'secondary  distribution  transformer 
pole.  * 

^    -  (3  of  11) 
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CE  "A"  IG :  -.1.13 
STUDENT  ACTIVITY 


\ 
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OUTLINE  OP  INSTRUCTION 


c*    Remove  service  drops,  secondary 
mains  and  associated  hardware. 

d.  "  Remove  primary  conductors  between 

transformer  pole  and  corner  pole. 

e.  Remove  lightning  arresters,  pin 
insulators,  fused  cutouts  and 
dead-end  clevis  assemblies  at  the 
transformer  pole. 

f •    Remove  transformers  (secondary  dis- 
tribution) . 

g,  Remove  remaining  primary  conductors, 

h.  Remove  guys  and  guying  hardware* 
*i.    Remove  hardware- an^  crossarms. 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.143 
STUDENT  ACTIVITY 


II.  Presentation. 


Introduce  Job  sheet. 

'* 

r 

1.    CE  %k%%  JS  2.1.13.1,  "Disassemble 
\PoleHne". 

B.    Steps  of  , procedure. 

1.    Remove  primary  conductors  from  fused 
cutouts  at  platform-mounted  transformer 

bank .    %  c 
*     «  .1  - 

%  »% 
a-    Lineman':    Ascend  .platform  assembly 
and  assume  a  position  to  disconnect 
primary  conductors  from  bottom 
terminals  of  fused  cutouts. 


\ 


II. A.  1.    Handout  job  sheets. 


II.B.l.a.    Stress:, This  initial 
disassembly  procedure  will 
ensure  against  the  possibility 
of  accidentally  energizing  the 
lino 


II. A. 1.    Have  students 
follow  instructors 
presentation* 
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OUTLINE  OP  INSTRUCTION! 

 — — — \  ■ '  -Ir" 


-2^  disconnect  and  remove  primary  and 

secondary  jumper  wires  *at  the  secondary 
distribution  transformer  pole. 

a*    Lineman:    Ascend  transformer  gole 
with  handline  secured  to  belt ^ 

(1)    Secure  handline  above  top 
^  crossarm. 

b.    Groundman:    Hoist  the  lineman's  kit 
of  tools  ^requir^ed  to^dlscpnneet —  - 
jumper-  -wiresT 

c*    Lineman:    Disconnect  and  remove 

primary  and  secondary  jumper  wires, 
and  jumper  wlre|s  inter-connecting 
the  transformers . 

3.    Remove  service  drops,  secondary  mains 
and  associated  hardware. 

a.    Lineman:  -Disconnect  service  drops, 
from  secondary  distribution  mains. 

(1)    Remove  neutral  (of  tri-plex 
cable  assembly)  from  the 


INSTRUCTOR  ACTIVITY 


CE  "A"  IG  2.1.13 
STUDENT  ACTIVITY 


\ 


II.B.2.C    All  jumper  ties,  jumper 
wires  and  hardware' shall  be  lowered 
to  the  ground  using  the  "Grunt"  bag. 
X,,D0  NOT  DROP  ANYTHING  TO  THE  GROUND" 


ingle-spool  clevis  assembly.  ■  \  coil  and' stow, 
ower  end  of  cable  to  ground 


II.B.3,a.  (Dj--  Direct  ground  crew  to 
complete  .removal  of  tri-plex^and  to 


s 

Lower 
with  handline. 


>(2)    Remove  single-spoql  clevis  - 
\       assembly  and  lower  to.ground, 

Lineman:    Remove  and-,  lower  "each 
secondary  conductor^__ 


\ 


\ 


5PH 


\ 
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V  . 

0F  WSTRUCTION 


(1)    Remove  secondary  rack  and 
lower  with  ^handllne. 


INSTRUCTOR  ACTIVITY 


4*.  Remove  primary  conductors  between 
'  transformer  pole  and  corner  pole* 

a.  Groundnw?n:<   Select  a  "wire  grip" 
and  raise  to  lineman* 

b.  Lineman:    Apply  wire  grip  on  outside 
conductor.    Secure  clip  end  of 

*   handllne  to  wire  grip*  Notify 
ground  crew  to  take  a  strain  on 
conductor  before  cutting  conductor 
'an  inch  from  where  it  enters  dead- 
ending  device*  \ 

(1)    l)ower  conductor  to  the  ground* 

c*.    Lineman Ascend  corner  pole  and 
remove  other  end  of  primary 
conductors  and  lower  to  ground* 

^ — j 

(1>    Coll  conductors  in  a  ^continuous 
coil  using  pressure  splicing 
devices •  « 


5. 


Cutting  wire  at  this 
point  is  required  in  order  to 
eliminate  kinked  portion  after 
-dead-ending  device , 


3>07, 


CJE  "A"  IG  2.1*13 
STUDENT  ACTIVITY 


II.B.A.b.    The  two 
outside  conductors  will 
be  removed  first  before 
removing  the  inside 
conductors . 


II.B.4.b.(l)    (Jse  handllne  on 
wire  grip  when  lowering  conductor, 


II*B*4*c*-(l)  Splice  ends .  together 
with  crimp-on  connectors. 


\ 


V 


\ 


Remove  lightning  arresters,  pin 
insulators ,  fused  cutouts,  and  dead- 
end clevis  asae*blies  at  thejtransr 
former  pole.  '  *~ 

a*    Lineman:    Remove  lightning  arrest- 
ers from  their,  L-brackets  and 
lower  to  the  ground.    Remove  L- 
brackets. 


OUXtlME  OF  INSTRUCTION 


(1)  Remove  pin  insulators,  fused 
cutouts  and'  dead-end  assemb- 
lies. 


3®f 


INSTRUCTOR  ACTIVITY 

II.B.S.a.(l)  . Lower  all  porcelain 
items  very  carefully. 


CB  MA?'  IG^.,1.13 
STUDENT  ACTIVITY 


(2)    Stow  gear  as  directed. 

Remove  transformers  (secondary  distri- 
bution) , 

a.  Grouadaan:    Raise  pole-top;  gin 
to  lineman, 

b.  Lineman  #2:  Ascend] pole  and  assist 
lineman  #1  in  securing  pole-top  gin 
to  top  of  pole, 

c*  Groundman:  Raise  block  and  tackle, 
wire  sling  and  tag  line  to  lineman, 

d.    Linemen  Hi  and  //2:>   Secure  block  and 
tackle  to  pole-top  gin  with  fall 
line  coming  from  top  block,  | 


5?$ 


(i) 


(2) 


Secure  wire  sling  to  center 
transformer  and  attach  block 
and  tackle  to  wire  sling. 

Attach  tag  line  to  transformer 
using  a  timber  hitch. 


Ground  crew:    Take  a  strain  on  the 
block  and  tackle  fall  line  until 
transformer  hanger  clears-  the, 
supporting  crossariu.  |r 


(1) 


Lower  transformer  to  the 
ground.  -\ 


II.B.6.e.(L)    fcrew  momber  Will 
steady  transformer  descent  with 
tag  line.    Move  transrormer  away 
from  base  of  pole  before  lowering 
t2  and  #3.         6  \ 
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OUTLINB  OF  INSTRUCTION 


j 


INSTRUCTOR  ACTIVITY 


(2)  Repeat  steps  of  procedure  on 
the  two  remaining  transformers. 

(3)  Store  transformers  as  directed 
by  instructor.  * 

7.    Remove  remaining  primary  conductors. 

a.    Lineman:    Ascend  cornet  pole  (next 
-  pole  in  line  after  transformer  pole) 

with  hand line. 


(l)j  Secure. hand line  above  the  top  .} 
\  crossarm. 

b«    Groundman:    Hoist  linemanfs  tools 
and  wire  grips. 

I  . 

c.    Lineman:    Remove  the  wires  from  all 
line  pin  insulators. 

(1)    Attach  wire  grip  on  outside  / 
conductor. 


< 

CE  "A"  1G  i.1.13 
STUDENT  ACTIVITY 


(2)    Attach  clip  of  handl'ine  to  wire 
grip. 


(3)  Take»a 


strain  on  wire!  grip  |~Tfl.B.7.c.(3)  If  conductor  Is  cut 
cutting  conductor  at  the  'while  there  is  slack  on  tl»o  line, 


before- cutting   

automatic  dead-end  device. 


the  next  pole  in  line  will'  vibrate 
back  and  forth  causing  possible 
4    hazard! to- a  lineman  on  that  pole. 


9 

FRIC 


Grotindman:  Lower  conductor  to  j 
th€.T ground.      *  ! 


e.    Lineman:    Remove  remaining  conductors 
as  .per  II. B. /.a.  thru  II.B.7.C. 

i .   .    .  i;     s  • 
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OUTLINE  OP  INSTRUCTION 


(1)  /Remove  all  associated  hardware. 


INSTRUCTOR  ACTIVITY 


(2)    Repeat  procedures  'for; removing 
1     primary  conductors'  on  remaining 
poles* 

f •    Groundman:    Splice  conductors  toget-    II.B.7.f .    Conductors  will  be 


CE  MAM  l{  .1.13 
STUDENT  ACTIVITY 


her  and  roll  lqfo  2  coils* 

i 

8;  /Remove  guys  and  guying  hardware. 

/  "  I 

/  *•    Lineman:    Ascend  guyed  pole  with 
hand line. 


(1)„  Secure  handline  above  top 
crossarm* 


rolled  up  on  two  reels  supported 
on  a  reel  holder.  * 


b*    Groundman:    Hoist  lineman9 s- tools 
and  wire / grip,  j 

c.    Lineman:    Attach  wire  grip  to  guy 
wire.  ! 

(1)    Attach  clip  of  handline  on 
wire  grip. 

Groundman:    Take  a  strain  on  the 
Handline. 

e.    Lineman:    Remove  thru-bolt  holding 
guy  attachment  to  the  pole. 

Groundmari:    Lowet  guy  assembly  to 
the  ground. 

(1)    Remoye  preformed  guy  grips 
from  guy  assembly. 


r. 


II.B.8.f.  Stress:  Avoid  kinking 
of  theL  guy  wire. 
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f  : 
aatun  or  instruction 


:S7S 


(2)  Remove  strand  vise  from 
anchor  rod.  * 

(3)  Roll  guy  strands  into  a  coll 
and  Identify  with' a  tag  stating 
assigned  pole*  • 

(4)  Store  hardware  and  guy  strands 
as  directed  by  instructor. 

Remove  hardware  and  crossarms. 

a.    Lineman:    Ascend  pole  with  handllne. 

(1)    Secure  handllne  above  top 
cros8a^ar>-^ 

trHoidt 


b.    Ground man: 


lineman's  tool  kit. 


c.    Linemen  #1  and  92:    Remove  dead-end 
clevis  assemblies,'  pin  Insulators 
and  carefully  lower  Items  to  the  *  . 
ground.  • 

(1)  Secure  handllne  to  crossarm  with 
^  clove  and  half  hitch." 

(a)    Loyer  crossarm  to  ground. 

0     (2)    Remove  flat  brace  lag  screws f 
nuts  and  washers/ 


3// 


INSTRUCTOR  ACTIVITY 


CB  "A"  li  -.1.13 
STUDENT  ACTIVITY 


II.B.9.c.(2)    On  double  arm,  allow 
thru-bolt  to 'support  one  crossarm 
while  opposite  crossarm  is  lowered 
to  the  ground. 


d.    Groundman:    Store,  ail  line  material 
as  directed  by  the  instructor.  > 


ERIC 
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.OUTLINE  OF  INSTRUCTION 


e.    Lineman:    Remove  handline  before 
descending  pole. 

*■   (I)    Make  up  handline  and  store 
.    In  a  hanging  position. 


INSTRUCTOR  ACTIVITY  . 

II.B.9.C.  All  steps  of  procedure 
shall  be  executed  100%  correct. 


CE  "A"  IgL/1-13 
STUDENT  ACTIVITY 


III.    Practical  application. 


IV. 


A.   Disassembly  of  pole  line  and  storage  of 
equipment  and  materials  shall  be  done  in 
accordance  with  Job  Sheet  CE  "A"  JS  2.1.13.1, 
"Disassembly  Pole  Line". 

Summary: 

A.  Job  Sheet. 

B.  Steps  of  procedure. 

C.  Practical  application. 

D.  Questions. 
Test:  None. 
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MODIFICATIONS 

--^b^ki/kb  J^)tlfJjb  o?<j  Jof  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  'inclusion  in  the  "Trial  Implementation  of  a 
Model1  System  .to  Provide  Militarv  Curriculum  Material.,  fcr  Use  in  Vocational 
and  Technical  Education.11    Deletes  -mater  ir.J!  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.,    ar.u.  was  r.ot  considered  appropriate 
for  use  in  vocational  and  technical  education ♦ 


CONSTRUCTION  ELECTRICIAN'S  SCHOOL 
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< "Cubicle  Wiring" 
Room  #1 
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(  !  MODIFICATIONS  * 

i        .  '     .    '  f  ... 

of  this  publication  could  not  ce  reproducer!  in  adapting  this  material  for- in- 
.   -  elusion  in  the  "Trial  Implementation,  of  a  Model  System  to  Provide  .Military^ 
Curriculum  Materials  for' Use  in  Vocational  and.  Technical  Education*" 


'>                                                          NAVAL  SCHOOLS t  CONSTRUCTION  ~~ 

PORT  HUENfiME,  CALIFORNIA  91043 
C6A  rAl.lS.l 
|  CLASS:  h 

TITLE:     BOXES,  FITTINGS  AND  ELECTRICAL  DEVICES 

6 

INTRODUCTION:    This  information  sheet  will  guide  you  in  identifying  the  various 
boxes,  fittings  and  electrical  devices  used  in  construction. 

INSTRUCTION  MATERIALS: 

• 

A#  Publications: 

r  -•'  )' 

1*  Texts: 

.                .       iV  NAVPERS  10636-G,.  CE  3  &  2,  Chapter  7  ' 

• 

t>#    National  electrical  Code,  Article  -370 

\       '    .     _  ' 

Aecerence, 

i4    American  Electrician's  Handbook    Qth  fH1  H  nn  fVnfh 
Mc  Grav-Rill  Book  Co.,  N.  Y.t*N#.  Y. 

uarr  ano  waccj 

\-  --  -' 
\ 

V 

i.B.  Materials: 

'  ... 

1.    Boxes,  steel 

"                    2#    Boxes,,  non-metallic 

1 

3#  Fittings 

&  *                   -                 -  ■ 

4,    Electrical  devices 

* 

5.    Wall  plates 

C.    Instructor' Prepared  Materials 

1.    Electrical  material  display  board 
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Conduit  Outtot  Bodies 


ERIC 


FS  tnd  FD  Skiflte 
Gang  Boxes 

Application: 
Cast'ctevice  boxes  are  in- 
stalled to: 

•  accommodate  wiring  devices 

•  act  as  put!  boxes  for  con- 
ductors in  a  conduit  system 

•  Available  as  shallow  (FS>  or 
deep  (FD)  configuration.  Use 
FO  if  device  to  be  enclosed 
exceeds  1  5/8"  in  depth 
Standard  Materials: 

•  Feraloy  and  aluminum 
Standard  Finishes: 

•  Feraloy-cadmiunj  zinc 
electroplate  and  aluminum 
cellulose  lacquer 

•  Aluminum-natural  . 
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LOCKING  TYPE 
WIRING  DEVICES 
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NAVAL  SCHOOLS,  CONSTRUCTION 
,      -  PORT  HUF.MEME,  CALIFORNIA 

-  -CEA 

;  CLASS;    it    PRACTICAL:  1 

TITLE:    BASIC  CIRCUITS  AND  RLUEi'Rl  NTS 

*    ■  *  '  * 

INTRODUCTION: _Thli  Informnt ton  sheet  will  guide  you  in  the  proper  step* 
of  procedure  for  calculating  electrical  loa<*s  and  completing  electrical 
wiring  dlagra&ts. 


INSTRUCTIONAL  MATERIALS : 

.  * 

A.  Publications 
I..  Texts: 

a.  National  Electrical  Code 

b.  NAVPERS  10636-G,  CE  3  &  2,  Chapter  2  * 

*  * 

c.  Programmed  Instruction,  SerUt  058/551A,  '.'Electrical  Svmbols" 
■2.  Reference 

a.    American  Electrician's  Handbook,  9th  Edit  on,  Croft,  Carr  and 
Watt;  Mc  Graw-Hlll- Book  Co.,  N.  Y.,  N.  Y. 

B.  Instructional  Aids 
1.  Materials 

a.  Pencil,  ruler 

b.  Incomplete  blueprint 

C.  Instructor  Prepared  Materials 

1.    Completed  electrical  blueprint  display 


7  f 


(l  of  6)  , 


|#    Prrnrut Alton 

?      A#    JiiiKfc  ttlrrullJi 


© 


Pant!  and  Branch  Circuit 


<:ka  !.■».?. is. i 


■6 
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Motor  Circuit  til  4 
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Definitions 

U    Refer  to:    NEC  Article  1Q0  ^ 
Color  Code  ^     0  ' 

U    Refer  to  NEC  ARticies  200.6  and  210.5(a)  (b)  (c) 
Grounded  Conductor  * 

1.  ~  Definition:    A  system  or  circuit  conductor  which  is  intensionally 

grounded*  *  •  ; 

2.  Example: 


« 

€ 

GRovhoed  Conductor-*- 

H 

• 

1 

Grounding  Conductor 

1.  Definition:    A  conductor  used  to  connect  equipment  or  the  grounded 
circuit  of  a  wiring  system  to  a  grounding  "electrode  or  electrodes. 

2.  Example: 


•"GfcCUWDjWG  CONPOCTO*. 
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Electrical  Symbols     •  . 

1.    Refer  to  prograaaad.  instruction  "Electrical  Symbols". 

C  '  • 

Voltage 

1.    To  ground:      Refer  to  NZC  Article  210.6(a) 

2^  Between  conductors:    Refer  to  NEC  Article  210.6(b)  (c) 

3.  Voltage  drop:    Refer  to  NEC  Article  210.6(d): 

4.  Voltage  drop  calculations: 

K  XL  X  1X2  K  X  L  X  I  X  2 

VD  •  CM  CM  j»    .  Vl> 

•  '         *  ~  / 

K  *  Resistivity  of  conductor  material  In  OHMS  per  CM  -  FT  -  12 

for  copper  and  18  for  aluminum.  -  ~~ 
L  »  length  one  way  of  circuit  In  feet.  ;~< 

1  »  Current  In  amperes. 

2  *  Number  of  conductors  In  circuit. 

CM  •  Area  of  conductor  In  circular  mils  (See  NEC  Table  8,  Chapter 

Conductors 

1.    Insulation  -  TW,  THHN,  THW,  THWN,  MTW,  Ml,  AVA.    Refer  to  NBC 
Tables  3l0-2(a)  "Conductor  Application0.  310-2(b)  "Conductor 
Insulations11,  0 

2..  Conductor  botes:    Refer  to  NEC  notes  to  Tables  310-12  through 
310- 15.         ^  * 

3.    Ampacity:    Refer  co  NEC,  Table  310-12 9  "Allowable  Ampacities  of 
Insulated  Copper. Conductors". 
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II.  Application 

A*  A  partially  completed  electrical  drawing  will  be  provided  for  you 
to  make  the  required  calculations,  insert  the  missing  symbols  and 
complete  the  lighting  and  receptacle  circuits. 

All  work  shall  be  100Z  correct. 
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II.  Application 

A*  A  partially  completed  electrical  drawing  will  be  provided  for  you 
to  make  the  required  calculations,  insert  the  missing  symbols  and 
complete  the  lighting  and  receptacle  circuits. 

All  work  shall  be  100Z  correct. 
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NAVAL. SCB«CLS,  CONSTRUCTION 
PORT  HUE  HEME,  CALIFORNIA  '  93043 
'  CEA  i.3A*JSa- 

CLASS:    3    PRACTICAL:  2 

TITLE:    CONDUCTORS,  SPLICES  AND  CONNECTORS 


3- J  It 


INTRODUCTION:    This  job  sheet  will  guide  you  In  the  proper  procedures  when 
asking  interior  wiring  splices  end  connections. 

*• 

TOOLS  AND  EQUIPMENT:    Electrician's  tool  kit, work  benches 

*.  '  .  *v- 

MATERIALS:    Ons- foot  lengths  of  #12  and  #6  conductors,  assortaent  of  wire 
connectors 9  plastic  electrical  tape. 

PROCEDURES:    See  attached 

QUESTIONS:    Instructor  Prepared 

REFERENCES: 

A.  KAVPERS  10636-G,  CE  3  4  2,  Chapter  7 

B.  American  Electrician's  Handbook,  Croft,  Carr  and  Watt;  M  GratfHlll  Co. 
It.  T.  /      Y. ,  Chapter  2 
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'     VBAT  TO  DO   

I.  Hake  a  splice  using;  two-one 
foot  lengths  of  #12  solid  copper 
conductors  and  a  JHS-20  wlrenut. 


2.    Make  a  splice  using;  tvo-one 
foot  lengths  of  £12  solid  copper 
conductors,  one-one  foot  length  of 
fixture  wire,  and  a  #KS-20  wlrenut. 


\ 


3.    Make  a  splice  using;  two-one 
foot  lengths  of  #6-stranded  copper 
conductors  and  a  £6  split-holt 
connector. 


G20 


HOW  TO  DO  IT 
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la.    Prepare  conductors  by  stripping 
5/8"  of  insulation  from  one  end  of 
conductor. 

lb.  ~$casp  both  vires  together  (vlth 
skinned  ends  even). 

\c0    Place  the  virenut  over  bare  end* 
and  turn  in  a  clockwise- d  irect  ion 
until  tight.    (Completed  splice  shall 
have  no  bare  .copper  exposed  below  the 
wirenut). 

2a.    Prepare  conductors  by  stripping 
5/8"  of  insulation  from  one  enj  of 
the  2-#12  conductors. 

2b.    Skin  1"  of  insulation  from  one 
and  of  the  fixture  wire.  > 

2c.    Grasp  the  2-#12  conductors  and 
wrap  (in  a  clockwise  direction)  the 
stranded  fixture  wire  around  the 
2-#12,a. 

2d.    Turn  the  wlrenut  on  to  the  3  wires 
and  twisty  in  a  clockwise  direction 
until  tight. \ 

3a.    Prepare  conductors  by  stripping 
1"  of  insulation  from  one  end  of  each 
conductor. 


I 


i  3b.  Place  stripped  ends  of  conductors 
;  together  and  Install  #6  split-bolt 


connector. 


la.    Use  electrician's  knife  while 
adhering  to  safety  rules  as  per 
Instructor's  demonstration. 

lb.  Wires  may  be  twisted  together 
or  straight. 

1c.    Splice  -shall  be  ICQ":  correct. 


2c.  Ensure  that  the  fl2  conductors 
are  even  at  the  ends. 


2d.    Splice  shall  be  1007.  correct 


(2  of  3) 


3b.  Split-bolt  connector  shall  be 
disassembled  before  installing  oh 

conductors  as  per  instructor's 
demonstration. 


SSI  " 

CEA  u3,%.js,i 

J 


3c*  *  Tlghttn  spi It-bolt  connector 
using  two  adjustable  open-end 
wrenches. 


3d.    Tepe  finished  connection  by 
appljtng  plastic  tape  until,  original 
, Insulation  Is  replaced. 


3c ,    Place  one  wrench  on  body  t6f 
the  connector  and  tighten  bolt 
with  second  wrench.    Splice  jeust 
not  slip  when  pulled  by  hand, 

3d,  Splice  and  taping  shall  be  > 
1007.  correct  with  no  exposed  coppc 
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NAVAL  SCHOOLS,  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 
CBA  I.3.X.  IS.  1 
CLASS:  ?4 


TOPIC:    CODE  STUDIES 

INTRODUCTION:    This  Information  aheetvlll  provide  the  various  sections  of 
the  code  that  apply  to  the  electrical  material  and  equipment  you  will  Install 
In  Topics  1.3.6  and  1.3.13. 

* '      ■  -    "  x 

INSTRUCTIONAL  MATERIALS:  N 

.A.'  Publications 

1.    Texts:  , 

national  Electrical  Coda,  Chapters  1,  2,  3.  4  and*9 

b.    NAVPERd  10636-G,  CE  3  &  2,  Chapter  7 
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Presentation 


A.  '  Introduction 


I.    Purpose  of  the  code 


a.    NEC  Article  90*1 


b.    History  •  The  National  Electrical  Code  was  originally  drawn  in 
1897  as. a  result  of  the  united  efforts  of  various  insurance,. 
#  electrical,  architectural,  and  allied  interests.   The  original 
code  was  prepared  by  the  National  Conference  on  Standard 
Electrical  Rules.    Prior  to  this,  acting  on  an  1881  resolution 
of  the  National  Association  of  Fire  Engineers9  Meting  in 
Richmond,  Virginia,  a  basis  for  the  first  code  was  suggested 
to  cover  such  items  as  identification  of  the  white  wire,  the 
use  of  single  disconnect  devices,  and  the  use  of  insulated 
conduit. 


2.  Scope 

a.    NEC  Article  90*2 

3.  Examination  of  Equipment  for  Safety, 
a.    NEC  Article  90-8  : 

4.  Wiring  Planning 

a.    NEC  Article  90-9 


a.    NEC  Article.  110 


Wiring  Design  and  Protection 


1.    Use  and  Identification  of  Grounded  Conductors 


a.    NEC  Article  .200 


2.  ''Branch  Circuits 


\ 


a.    NEC  Article  210 


V 
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• 

• 

Feeder* 

* 

■ 

a.    NEC  Article  2t5 

• 

* 

4. 

8ranch-Circuit  and  Feeder  Calculations 

9  » 

a..  NBC  Article  220 

,      '  • 

< 

"  5. 

Services 

• 

a.    NEC  ArtlclJ  230 

< 

f 

Overcurrent  Protection  > 

« 

• 

a,    NEC  Article  240^ 

m                                             y-                       m  » 

7. 

Grounding 

- 

•«    NEC  Artlclf  ?50  . 

0.    Wiring  Mtthods  and  Materials 

* 

I. 

-General  Requirements 

*  i                j  * 

i 

a.    NEC  Article  300 

2. 

Conductors  for  General  Wiring                 *  « 

a.    NEC  Article  310 

> 

3. 

\ 

Nownetalllc-Sheathed  Cable 

a.    NEC  Article  336 

1 

- 

4. 

Rigid  Metal  Conduit 

• 

a.    NEC  Article  346 

> 

5. 

Rigid  non-metallic  conduit  ,  4 

• 

a. ;  NEC  Article  347     "  .  - 

* 

6. 

Electrical  Metallic  Tubing 

* 

a.    NEC  Article  348 

'  7.  - 

-Outlet;  Switch  and  Junction  Boxes",  and  Fittings 

• 

r 

NEC  Article  370 

\ 

< 

* 
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'8.    Switches  ~ — 

a.    NEC  Article  380 
9.    Switchboards  and  Panelboards 

a.    NEC  Article  384    .  * 
E.    Equipment  for  General  Use 

1.    Lighting  Fixtures,  Landholders,  Lamps,  Receptacles  and  Rosettes 


a.    NEC  Article  410 
2.    Motors,  Motor  Circuits  and  Controllers 
.   a.    NEC  Article  430 
F,    Tables  and  Examples 
1.  .  Tables  and  Notes 

a,  NEC  Chapter  9,  A  (Tables) 

*  * 

b.  NEC  Chapter  9,*8  (Examples) 


Practical  Application 


A#    You  will  apply  the  appropriate  code  rulings  during  the  practical 
application  of  Topics  1.3.6  and  1.3.13. 
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NAVAL  SCHOOLS,  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 

CEA  l.3.&,JS.l   .  -      *  " 

CLASS:    2     PRACT:  13 

\ 

TITtt:    CONDUIT  INSTALLATION  \ 

INTRODUCTION:    This  job  sheet  will  guids  you  in  the  instsU&g  of  rigid 
steel  conduit,  rigid  non-nttallie  conduit  and  elsctricsl  metallic  tublnc 
in  a  concrete  slab  area,  and  cinder  block  wall.  . 

\  '  * 

TOOLS  AND  EQUIPMBir:    Electrician's  tool  kit,  hand  and  ratchet  btnder 

MATERIALS:    Preforatd  sections  of  rigid  steel  conduit,  rigid  non-Mtsillc 
conduit  and  elsctrleal  astallic  tubing;  lockouts,  bushings,  E.M.T. 
connectors,  couplings,  junction  boxes,  rebsr  tie-wire  snd  chalk. 

PROCEDURES:    Stt  attachtd 

QUESTIONS:    Instructor  prtpartd 

REFERENCES:  j  ' 

A.  HAVPERS  10636-G,  CE  3  &  2,  Chspter  7, 

B.  National  Electrical  Code,  Articles  346  snd  348 

C.  Aaerlcsn  Electricians  Handbook,  Croft,  Carr  and  Watt:  Mc  Grsw-HUl 
Book  Co.,  N.  Y. ,  N*  Y. 
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o 
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WHAT  TO  DC 


1#     Install  rigit"  conduit "(steel 
or  P.V.C.)   iofco^a  simulated 
reinforced  ioncr^te  slab  area. 


HOB  TO  DO  IT 


2,.   Install  electrical  Kgtsllic 

tubing.^ 


623 


is.  #  Loc  ate  stub-up  points  or  print* 

lb.    Measure  distance  of  conduit  rut! 
on  print  and  convert  to  working 
measurements.  i 

lc.    Locate  conduit  run  with  stakes 
and  chalk. 

Id.    Select  preformed  sections  of 
conduit  for  assigned  circuit*  (Light- 
ing, receptacle  or, special  purpose).  _ 

le.    Install  conduit  where  indicated 
with  chalk.   .  o -  m 

If.    Secure  conduit  to  rebar  at 
approximately  every  3  feet  With  rebar 
tie-wire. 

lg.    Ap/ly  conduit  section  from 
conduit  run  (in  the  slab)  to  panel. 
Secure  to  panel  with  double  lock-nuts 
and  bushing.  ^ 

lb.    Apply1 -conduit  section  from 
conduit  rur-  to  junction  box.  Secure 
to'J.B,  with  double  lock-nuts  and 
bushing. 

li,    P.V.C.  runs  located  in. the  slab 
will  require "rigid  steel  90°  stub- up s 
to. panel  and  Junction  boxes. 

2^_^a^n^r#^t^ta?ice  of  E.M.T,  run 


CEA  1.3.S.JS.I 

r  ■ 

bet  rourrs  


.  0 


lb.     Scale  on  print. 
3/8"  =  One  foot  ^therefore  3/8"  * 
Distance  dn  print  and  one  toot  » 
Actual  distance  applied  to  conduit  - 


between  junction  boxes  as  cuc.li.Red 
on  the  print.    Convert  oislsuce  to, 
working  measurement. 
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run. 


Ih^r-  Plug  both  ends  of  conduit  run  * 
with  psper  or  rags  to  avoid  any 
foreign  matter  that  may  be  Inserted, 


11. -  Installations  shall  be  100% 
correct; 


630  ' 
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2b.    Select  tWs  proper  size  end 
length  of  B.M.T.  end  secure  to^the 
junction  boxes  with  connectors °end 
locknuts* 

2c.    Check  ell  points  of  connection 
between  conduit-to-psnei,  conduit- to- 
conduit,  end  condult-to-junctioo 
boxes. 
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Kit  FOIWTS 

2bs  Securing  the  E.K.T  *o  the 
junction  boxes  will  secure  the 
conduit  into  position. 


2.  E.M.T.  Instellettonc  shell  b* 
1001  correct. 


CE  MA"-IS-1.3.5.l 
NAVAL  CONSTRUCTION  TWklNING  .CENTER 
POJCT  HUENEME,  CALIEOKNIA>  93043 

(JfNT)F.R-S7»AB  CONDUIT  INSTALLATION 
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NAVAL  SCHOOLS,  CONSTRUCTION 
.PORT  IMJENEME,  CALIFORNIA  93043 
CEA  1.3.S.IS.I 
CLASS:  3 

TOPIC:    LIGIJT  FIXTURES      .  '  ... 

INTRODUCTION:    IMs  information  sheet  will  provide  you  with 
and  drawing*  that  apply  to  lncandescent_and_ELoure*^ 

INSTRUCTK 
A.  Publication* 

* 

1.  Text: 

a.    National.  Electrical Code,  Article  410  .  ' 

t  t  * 

2.  Reference: 

**    ir*liCtn  "ectrlcl«^*  Handbook,  9th  Edition,  Croft,  Carr 
Watt;  Mr  Graw-Hill  Rook  Co.,  N.  Y.,  m.  y.  *  " 


and 
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I.  Presentation 

■    A.    Incandescent  light Lng  -  Nad lent  energy. of  thou*  w*velength«_to_ 
which  the  human  eye  I*  8*nsltlva._jnie-jia*«-U-ttr-W^ 
la  aenaltlve __aj£e_thoae-nejnr^nT" middle  of;  the  spectrum,  of  a  •- 
Sffn~"oTliDout  0 . 0004  to  0 . 0008  MM. 


•r. 


l'#    General  Rules 

i*  ** 

a.  NEC  410-1 
2«    Provisions  for. Fixture  Locations 

a«    NEC  410-4,  Specific  Locations  * 
b«    NEC  410-5,  Near  Combustible  Materials 
c.    NEC  410-6,  Over  Combustible  Material 
o  da    NEC  410-8,  In  Clothes  Closets 

3.  Provisions  At  Fixture  Outlet  Boxes,  Canopies  and  Pans* 

J  a.    NEC  410-11,  Temperature  Limit  of  Conductors  at  Outlet 
Boxes  v-  'v 

/■  * 

4.  Fixture  Supports 

* 

.  a.    NEC  410-15,  Supports,  General 

b.  NEC  410-16,  Means  of  Supr-*rt  ,  - 
5a    Wiring  of -Fixtures 

a«    NEC  410-17,  Fixture  Wiring  -  General 
b#    NEC  410-19,  Conductor  Insulation 

c.  NEC  410-23,  Protection  of  Conductors  and  Insulation 

d.  NEC  410-26,  Fixture  Raceways 

e.  NEC  410-27,  Polarization  of  Fixtures 
■  6«    Installation  of .Landholders 

a#    NEC  410-41,  Screw-Shell  Type 

b-t    NEC  410-43,  Landholders  in.  Damp  or  Wet  Locations 
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\ 

«.  NBC  AIO-49,  Bases,  Incandescent  Lamps 
b.    Examples:.  \ 


CAtiCCLABf^k  * 


DAYONCT 


d. 


3^' 


c.    Types  of  Service 

(1)  Clt-ar  bi^lb 

(2)  Insidfi-iroated  bulb 

(3)  White  bowl  bulb 

(4)  Silvered-bdvl  bulb  \ 
Miscellaneous  Lighting  Service  Lamps  \ 

(1)  ^  Appliance  -  and  indicator-service  i 

(2)  Aviation  -  service .  1 

(3)  Country  -  home         ,  9 

(4)  High-voltage 

(5)  Low-voltage 

(6)  Msrine-servtce 

(7)  Mine-service  . 

(8)  Optical-service  ,. 

(9)  Photographic- service 

(10)  Photo-service 

(11)  Picture-projection 

(12)  Sign  • 

(13)  Spotlight-end  floodlight-service  lamps 
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tl4)  Street-lighting  service 
(15')  Traffic-signal 


I  ) 

FlouresUent  lighting-An  electronic  form  of  lighting  .that  functions 

through  conduction  in'a  gas.. 

l.***Fixture  Mounting  *  * 


J  a.     NEC  .410-74;  Fixture  Mounting 


V 
v 


(1)  Exposed  ballasts  .  . 

(2)  .Combustible  low-density  cellulose  fiberboard 
2;     Grounding  » 

a.  ■  NEC  410-92,  Metallic  Wiring  Systems  ■ 

b.  NEC;410-93,'  Non-metallic  Wiring  Systems 

c.  NEC  410-95,  Equipment  Near  Grounded  Surfaces 


d.  NEC,  410-96,  Methods  of 
3.     Internal  Wiring 


grounding 
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I.inj*  with  st-nplr  reactor 


t!KA  I.  3.9.IS.1  ^ 


Q 


■AMA/V/SAMA 
rte  AC  to* 


51 


J>.    Two- lamp  lead- lag  preheat 

"zfe    uag  lamp" 


c.    Two-lawp  series  rapid  start 


BALLAST 


7 


P  LAMP 


Sb   '  LAMP 


3=* 
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a&  1.3.9.1S.I 


3<^ 


d.    Floiiretcent  lamp  circuit  with  push-button  »t«tln* 
switch  •  *' 


»-AMP 


3 


ktMfi 


v 
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NWAL  SCHJbLS,  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 
;    CEA  US.ULJS.r . 
CLAS§:  I    PRACTICAL!  3 


TITLE:    TEMPORARY.  WIRING 

INTRODUCTION:  This  job  sheet  will  guide  you  in  the  proper  steps  of 
procedure  to  install,  test,  and  use  a  temporary  power  pole  assembly. 

TOOLS^ND  EQUIPMENT:    Electrician's  tool  licit ,  temporary  power  pole 
«»st«bly: (50  amp),  temporary  power  panel  and  cord  assembly  (50  amp), 
digging  rools,  20- foot  extension  ladder,  5- foot  step  ladder,  8-foot 
X  5/8*f  copperweld  ground  rod,  grounding  conductor  #8  AWG  and  1/2" 
rigid  steel  conduit*- 


MATERIALS:  Mechanical  connectors,  electrical  tape,  ground  clamp". 
PROCEDURES:    See  attached 


\ 


QUESTIONS:    Instructor  prepared 


REFERENCES: 


A*.  National  Electrical  Code,  Articles  210  and  305 


(I  of  A) 


JL#  Install  temporary  power 
pole  assembly* 


3&j 


cea  L3.iQ.jsa 


KEY  POINTS 


Location  of  pole  shall  be  18' 
north  of  northwest  corner  of  the  ' 
"conduit-wiring- in-slab  'area11  build* 

i*g» 

'! '  -) 

lb#    Use  appropriate  digging  tools  and 
dig  a  12"*  diameter  by  59  win.  deep 
hole  with  a  sloping  trench  to  the  hole 
apprcx,  6*  long  by  10"  wide  (as  per 
drawing) ♦ 


h — *  — *i 

1 

J". 

s- 

.1.  " 

lb.    Digging  tools  include;  pick, 

shovel  (D-Handle),  tamping  bar9 

long  handle  shovel,  and  scoop  shovel* 


lc.v  Use  2"  X  10" 
the  hole* 


x  8'  butt  board  in 


ld#    With  the  p re-assembled  pole  buttec 
up  against  the  butt  board,  in  the 
sloping  trench,  two  men  on  each  side 
of  pole  will  raise  and  set  the  assembly 

,into  the  hole* 

le.    Four  men,  each  positioned  90° 
apart  around  the  pole,  will  support 
the  pole  in  a  vertical  position  with 
pike  poles*.  « 


C42 
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9 

'  J  <■ 

•                      1 ' 
HCM  Tft  no  it 

KEY  POIKTS 

,  a  J  «  * 

"if.  "One  shoveler  and  one  tamper; 
replace  alt  the  dirt  back  In  the  hole 
around  the  pole* 

*  - 

* 1  *  r 

2#    Install  grounding  system. 

I 

2a.    Select  an  89  X  5/8"  copperweid 
ground  rod  and  position  it  appro*. 
12"  to  the  right  aide  of  the  pole 
while  facing  the  panel* 

1 

2b.    Use  a  5-foot  stepladder  for 
required  height  when  hammering  ground 
rod  into  the  ground* 

2c.    Select  the  preformed  l/2,f  rigid 
"steel  conduit  with  threaded  ends  and 

.  one  90° -bend.  ^ 

2d.    Install  ground  clamp  assembly  on 
90®  end. 

t  , 

• 

o 

I 

2e.    Secure  straight  end  to  knock  out 
in  panel  with  double- locknut  and  bush- 
ing* 

,  2f.   .Secure  ground  clamp  to  ground 
rod. 

2g.    Install  #8  AWG  bare  copper  con- 
due tor  and  connect    to  neutral  bar  in 
the  panel,  and  to  ground  clamp. 

\ 

1 

2h.    Secure  1/2M  conduit  with  2-1/2" 
»  rigid1  steel  conduit  straps.  (Use 
1  wood  screws); 

*                   *  . 
• 

!                (3  of  *) 
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WMAT  TO  80 


HOB  TO  DO  IT 


CEA  l.3.WwJS#l 
1 

or  poiirrs 


3#  Connect  service  drop  to 
Bldg.  120.. 


4.    Test  circuits 


3a#    Position  20  foot  Udder  against 
roar  of  Udg.  120/ 

lb.    Secure  the  3  -  #8  insulated 
conductors  (froa  the  temporary  power 
pole)  to  the  insulator  rack  attached 
to  the  building. 

*  • 

3c#  Ensure  that  the  service  power  is 
"Off"  befoWnsklng  the  3  connections, 

4a#    Connect  extension  cord  with 
required  twist- lock,  3-prong  plug  ^ 
aud  check  cord  assembly  vlth  a 
Vlggln's  voltage  tester. 

4b.    Using  a  40- watt  light  bulb  and 
test  socket >  connect  one  lead  to  hot 
terminal  of  receptacle.    Touch  other 
lead  of  test  light  to  ground. 


4b.    Circuit  breaker  (ground  fault 
circuit  Interrupter)  will  trip 
immediately  to  indicate  proper 
operation  of  Mechanism. 

Installation  and  testing  will  be 
executed  100X  correct. 
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NAVAL  SCHOOLS,  ..ONSTRUCTION 
POST  HUPNE«,  CALIFORNIA  93043 
CBA  l.UH.lJS.t 

CLASS:    5    PRACTICAL:  2 
TITLE:    HAND  TOOLS  AND  TBSr JEQUIPHENT 

INTRODUCTION:    This  job  sheet  will  guide  yau  In  the  proper  steps  of  procedure 
**«m  using  test  equipment  to  locate  grounds  end  shorts  in  lighting  and  receptacle 
circuits. 

TOOLS  AND  EQUIPMENT:    Electrician's  tool  kit,  voltage  tester  (Wiggins), 
aultlaeter.  - 

'»  -  1.7 

MATERIALS:    Prewired  circuits  (lighting  and  receptacle),  electrical  tap*.  . 

PROCEDURES:    See  attsched 

J 

QUESTIONS:.  Instructor  prepared 
REFERENCES: 

r  ■■ 

A.  NAVPERS  10636-G,  CE  3  &  2,  Chapter  4 

B.  NAVPERS  10085-B,  Tools  and  Their  Uses 
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VBAT  TO  DO 


Test  an  interior  wiring 
system  for  continuity  using 
the  voltage  tester  (Wiggins). 


64S 


9 
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UOtf  TO  DO  IT 


la.     Main  Disconnect  -     With  the 
breaker     in  the  Off  position, 
place,  the  test  leads  on  the 
incoming  line  leads  Lj.  and  L2 . 
Voltage  reading  shall  be 
approximately  220  volts." 

lb.     Place  the  main  disconnect 
and  all  circuit  disconnects 
into  the  On  position..     ~If_  any 
circuit  disconnect  trips  to  the 
tripped  position,  make  note  of 
the  circuit  ,  for  further  ~* 
testing. 


lc.  Check  the  remaining  cir- 
cuits for  continuity  by  using 
the  following  procedures:   '  . 

Lighting  Circuit  -  Check  hot 
lead   to  ground  at  lighting  fix- 
ture  (115V).     Turn  wall  switch 
On,   and  check  volt-age  to  , 
ground  on  both  terminals  of 
switch  -  Should  indicate  115V. 

Receptacle  Circuit  -  At  each 
outlet  check  between  each 
contact  point  and  ground. 

^  Com  tact 


(SEP 
<2> 


KIT  POINTS 


lc.     If  lighting  circuit 
to.  the  lighting  fixture 
start  at   the  fixtute. 


feed  goes 
£lrst,  then 


(2  of  4) 


613 


CEA  1.3.H.JS.* 


WHAT  TO  DO 


BOW  TO  DO  IT 


KEY  POINTS 


2.     Locate  a  ground  in  the  circuit 
(with  the  tripped  breaker)  using 
an  Ohmmeter, 


115  V-.  Should  be  read  between  the 
•mailer  of  the  two  parallel  alots  . 
and  ground • 

2a.  Ensure  that  all  circuit  breaker* 
are  Off.  Including  the  gain* 


2b.    Disconnect  circuit  from  panel 
by  removing  circuit  breaker  with 
conductor  attached, 

2c.  Remove ' circuit  neutral  conductor 
from  neutral  bar. 

2d*    Place  teat  leada  on  the  neutral 
conductor  end  ground.    If  a  cero 
reading  la  obtained,  the  neutral  is 
grounded  somewhere  In  the  circuit. 

2e.    Open  circuit  at  the  half-way 
junction  box  and  determine  which 
section. la  grounded. 

2f ,  Continue  process  of  elimination 
until  grounded  conductor  la  located. 


2a*    Short  -  Two  wires  In  a  cable 
or  conduit  making  direct  contact 
with  each  other. 

.  ~\ 
Ground  •  A  conductor  nicking  direct 
contact  with  metallic  junction  boxea 
or  ractv&yt. 


2d.    On  a  lighting  circuit.,  ensure 
that  all  light  switches  are  In  the 
On  position  and  all  light  bulbs  taken 
out  of  their  sockets. 


2f.    At  all  points  of  testing  use 
test  leada  between  the  neutral  or 
circuit  conductor  (whichever  Is 
grounded)  and  any  metal  portion  of 
the  circuit. 
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ma  ™  no 


HOW  TO  DO  IT 


KIT  POINTS 


Locate  a  short  In  a  second 
circuit  (with  a  tripped  breaker) 
using  an  Ohaaeter, 


4.  Repair  grounded  and  shorted 
circuits . 


3a.  Ensure  that  all  circuit  breakers 
are  Off y  including  the  main* 

3b.    Disconnect  circuit  from  panel 
by  removing  circuit  breaker  with 
conductor  attached. 

3c .  Remove  circuit  neutral  conductor 
from  neutral  bar. 

3d.    Place  test  leads  on  neutral 
conductor  andL  the  lead  connected  to 
the  circuit  breaker.    Meter  will  read 
ZERO  if  a  short  exists. 

3e.    Open  circuit  at  the  hali-way 
junction  box  and  determine  which 
section  is  shorted. 

4a.    Correct  the  ground  and  the 
shorted  condition  in  each  circuit.  * 
with  several  wraps  of  electrical 
tape. 

4b.    Energize  circuits  by  placing 
main  breaker  and  the  lighting  and 
receptacle  circuit  breakers  in  the 
"On"  position. 

4c.    Test  all  circuits  for  normal 
operation. 


n 


3d,  Ensure  that  all  light  bulbs 
are  removed. 


4a. 


Test  procedures  and  cable 
repairs  shall  be  executed  1007. 
correct,. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
«   PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  ELECTRICIAN"  "A"  SCHOOL  TRAINING  COURSE  A-721-0018 

INFORMATION  SHEET 

TITLE:    Single  Phase  Motors 

INTRODUCTION:.  This  information  sheet  will  require  identification  fill-ins 
on  various  single  phase  motor  drawings. 

TEXTS:  / 

1.  Construction  Electrician  3  &  2,  NAVPERS  10636-G. 

2.  National  Electrical  Code,  Article  430. 

3.,  Allen-Bradley -Manual,  "Wiring  Diagrams  for  Full  Voltage  Starting 
Switches".  * 

TOOLS,  EQUIPMENT  AND  MATERIALS: 

1.  ,  Pencil. 

\ 

2.  \Ruler. 

LOCALLY  PREPARED  MATERIALS: 

1.  Incomplete  single  phase  motor  drawings* 

2.  Cutaway  of  single  phase  A.C.  motor. 


\ 

\ 


\ 
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PRESENTATION 


1*    Series  or  Universal 
(Portable  Handtoois 
*and  'appliances) 


CE  "A"  IS. 1.3. 11.1 


Oi 


'     ■  sAAyMA  |  ■  C0> 


a*  Resistance 


b.  Centrifugal 
Device 


I 


c.    Tapped  field 


^O3 — i 


:) 
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STRAIGHT  SfLIT-PHASE  MOTOR 


-048  WWW*— 


LOW  VOLTAGE  HOOK-UP 


HIGH  VOLTAGE  HOOK-UP 


CAPACITOR-START,  SPLIT-PHASE  MOTOR 


LOW  VOLTAGE  HOOK-UP 


-* — — i 


HIGH  VOLTAGE  HOOK-UP 


0' 
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INFORMATION  SHEET 


TITLE:    Three  Phase  Mo toes 


INTRODUCTION:  This  information  sheet  will  require  identification 
fill-ins  on  various  three  phase  motor  drawings. 


TEXTS: 


1 


1.    Construction  Electrician  3  &  2,  NADERS  10636-G. 
2.1  National  Electrical  Code.  Article  430. 

3.    Allen-Bradley  Manual,  "Wiring  Diagrams  for  Full-Voltage  parting 
Switches". 


TOOLS >  EQUIPMENT  AND  MATERIALS: 

!•  Pencil. 

2.    Ruler.     -  - 


LOCALLY  PREPARED  MATERIALS: 

I;    Incomplete  three  phase  motor  drawings. 


i  ■ 
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Y  . 

THtEE  PRASE  /  -  CONNECTED  DUAL  VOLTAGE  MOTOR 
I    A       (HIGH  VOLTAGE) 

1_*  -  ■  •  •  ' 


•  r 


'(3  at  4)  |> 


i 
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I 


•t;. 


.  f 


THREE  PHASEZ1-  CONNECTED  DUAL  VOLTAGE  MOTOR 
(LOW  VOLTAGE)  *  * 


! 


•i 


THREf  PHASE4A  -CONNECTED  DUAL  VOLTAGE  MOTOR 
I  (HIGH  VOLTAGE)  ' 


AS  SEEN  ON 
NAMEFLATE 


5 
II 


2 

,10 

u 


7 

•  I 

,t»: 


AS  SEEN  ON 
NAMEFLATE 


■  \ 
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1  NAVAL  CONSTRUCTION  TRAINING  CENTER  - 

PORT  HttENEMEt  CALIFORNIA*  93043  ? 
CONSTRUCTION  EL'.CTRICIAN  MAM  SCHOOL  TRAINING  COURSE  A-721-0018 


INFORMATION  SHEET 


TITLE:    Motor  Control 


INTRODUCTION:  This  information  sheet  will  require  identification 
fill-ins  on  various  motor  concrol  drawings • 


TEXTS: 

1.  Construction  Electrician 4 3  &  2,  NAVPERS  10636-G. 

2.  National  Electrical  Code,  Article  430. 

3.  Allen-Bradley  Manual,  "Wiring  Diagrams  for  Full-Voltage  Starting 
Switches11. 

TOOLS,  EQUIPMENT  AND  MATERIALS:  0 

1.  Pencil.  • 

♦ 

2.  Ruler. 

LOCALLY  PREPARED  MATERIAL: 

1.    Incomplete  motor  control  drawings. 


j 
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SINGLE 
WINDING 


TAPPED 
OPERATING  COILS 


MAIN  CONTACTS 


(NC)  c  (NO) 
ADXILARY  CONTACTS 


THERMAL  OVERLOADS 


3  PHASE  STARTER  WITH  START- 
STOP  PUSH  BUTTON  STATION 


\ 
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NAVAL  SCHOOLS,  CONSTRUCTION 
PORT  HUENEME ,  CALIFORNIA  93043 
CEA  1.3.MUJS.1  \ 
'*  \ 

CLASS:    1     PRACTICAL:  27 


\  V 


TITLE 


:  cW 


ICLE  WIRING 


\ 


INTRODUCTION:  This  job  sheet  will  guide  you  in  the  proper  procedures  for 
wiring  a  three-room  cubicle  with  receptable,  lighting  and  motor  circuits. 

TOOLS  AND  EQUIPMENT:    Electricians  tool  kit,  hand  bender 

%         l       -  i 

MATERIALS:    Boxes ,  fittings ,  motor,  motor  controller  with  push-button  station, 
circuit  breaker  panel;  rigid  steel,  plastic  and  flexible  conduit,  electrical  , 
metallic  tubing,  non-metallic  sheathed  cable,  electrical  devices,  lighting  ^ 
fixtures, 

PROCEDURES :    See  attached 

\ 

REFERENCES:  \ 

A.    NAVPERS  10636-G,  CE  3  &  2,  Chapter  7 
EL    National  Electrical  Code,  Aftiple  300 


■  \ 


.  \ 


\ 
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CEA 


1.3. 13. jS. I 


WHAT  TO  DO 


HOW  TO  DO  IT 


KEY  POINTS 


1.  Make  a  list  of  materials 
required  to  install  Circuits 

n  -  4. 


\ 


2*  Install  outlet  and  junction 
boxes  for  Circuits  #1  -  A. 


\ 


\ 
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la.     Count  the  number  and  type 
of  boxes  for  the  lighting  recep- 
tacle and  motor  circuits. 

lb.    Estiva te  the  amount  of  conduit, 
single  conductor  wire,  and  non-metal- 
lic sheathed  cable # 

1c.  \  Determine  the  fittings  required 
to  connect  the  conduit  and  cable  to 
their  appropriate  junction  boxes. 

\  o 

Id.    Estimate  the  amount  of  wood 
screws,  staples  and  other  hardware 
necessary  to  secure  the  wiring* 

ie#    List  all  switches,,  outlets, 
lighting  fixtures,  plates,  and  the 
motor  with  associated  control  * 
equipment* 

If.    Submit  the  list  of  material  t6 
the  material  Issue  room  and "ensure 
that  all  boxes,  fittings  and  hardwire 
are  complete  after  receipt  of  issu^# 
Check  out  a  complete  set  of  electri- 
cian's tools  and \ sign  the  custody 

c^d-  \  ■    V-  - 

2a»    Circuit  #1  -  Using  wood  screws, 
Install, the  2  -  2-1/4"  X  2"  geW boxes 
In  the  locations  outlined  on  the  print. 


la.     Material  listing  will  be 
compiled  from  the  attached  ^ 
•  drawing ,\  and  footage  of  conduit 
and  conductors  will  be  in 
accordance  with  the  scale  thereon* 


2a.    Boxes  shall  be  mounted  for  1/2" 
wallboard  finish*    All  receptacles 
shall  be  12"  to  center -above  finished 
floor. 

■  •  ■  A\ 
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HOW  TO  DO  IT 


— r 


1ST  POINTS 


2b.    Circuit  #2  -  Using  wood  screws; 
Instsll  the  3  -  2-1/4"  X  2"  gcst  boxts 
in  th«  locations  outlined  on  the 
print. 

2c.    Circuit  #3  -  Using  1/2°  roofing 
shingle  nails,  secure  the  4/S  X  2-1/8" 
deep  box  and  hanger  assembly  to  be 
used  for  the  flourescent  fixture 
Installation.    Location  shall  be  In 
accordance  with  the\  print. 

Where  print  indlcatee  MS3"  (3-way 
switches),  mount  a  2-1/4"  X  2"  gem 
box  at  each  location. 

Where  print  Indicates  "S4"'  (4-way 
switch),  mount  a  4/S  X  1-1/2"  deep 
box  with  a. single-gang  plaster  ring. 

2d.    Circuit  #4  •  Using  wood  screws, 
mount  the  motor  controller  as  par 
location  onNthe  print. 

Install  stop-sMW^statlon  below  the 
motor  controller  wltKTrt/2"  off-set 
nipple  and  locknuts  at  both  ends. 

Install  a  4/11  X  1*1/2"  deep  junction 
box  approx.  2- feet  from  the  motor,  In- 
line with  the  run  to  the  controller. 


2c. •  Position  the  bar  hanger  to 
allow  for  1/2"  vallboard  finish. 


Note:  Switch  boxes*  shall  be  mounted 
48M  to  center  above  finished  floor. 


3a.    Motor  controller  shall  be 
mounted  51  -  6"  to  center  above 
finished  floor. 


Run  from  the  controller  to  4/11  box 
shall  be  1/2"  E.M.T.    From  box  to 
motor  shall  be  1/2"  flexible  conduit. 
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wBATjg  w>  .  ;  

3.     Install  non-metallic- 
sheathed  cable,  Type  NMC,# 
2-conductor   #12  Copper  with 
ground   (Circuits  #1  and  #2). 


ROW  TO  DO  IT 


v  Install   1/2"  flexible 

v-— ometallic  conduit  from  S 
flourescent 


4  to 

light  junction  bo*. 
(Circuit  //3,  Switch  Leg  #3). 


/ 


3a.     From  panel  to  first  outlet; 
At  panel,   skin  the  cable  back 
approx.   12M>   install  cable  con- 
nector on  cable,   insert  conductor 
into  pan e^l  knockout  and  secure 
connector  with  locknut. 


Route  the  <^abie  to  the  first 
outlet  following  the  shortest  prac- 


3b. 
out  1 
tical  path. 


le  Ir 


1 


3c.    Skin  cable  lend  approx.  6"  and 
Install  cable  connector -on  cable. 
Secure  connactor  to  junction  box  vith 
locknut. 

3d.    Secure  cable  to  stude  vith  > 
staples,  one  at  each  end  approx.  12 
inches*  from  box/panel. 

3e  7f  Ina  t  a  liveable  ~i o~f  e*ain  ilfg  " 
outlets  oh  Circutta  #1  and  #2  using 
procedures  outlined  in  3a  -3d. 

4a.    Select  correct  length  of 
flexible  conduit  and  install  one  end 
^at  the  lighting  outlet  using  a  flex- 
ible conduit  connector  and  lockout. 

4b.    Route*  the  conduit  aa  outlined  ori 
the  print.    Secure  conduit  to  switch 
box  as  per  4a. 


KEt  POINTS 


3a.     Use  extreme  care  when  using 
cable  skinning  tool,   MDo  not 
damage^  insulation  on  conductors" < 


3b.     Keep  cable  free  of  kinks. 
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WAT  TO  DO 


Mai  lo  m  it 


KIT  POIKTS 


5.    Install  1/2"  flexible  metallic 
conduit  from  Motor  to  junction 
box  (Circuit  #4). 


6.    Install  1/2"  electrical 
metallic  tubing  from  S3  to  flour- 
eeeent  light  Junction  box. 
(Circuit  #3,  Switch  Leg  42). 


T 

4c.    Secure  conduit  to  etude  Ming 
conduit  etrape  -  one  within  12  inches 
of  switch  box  end  one  In  close  prox- 
imity to  the  lighting  outlet. 

5a.    Select  length  of  flexible 
conduit  (approx.  2- ft.  long)  end 
instell  oj*„end  at  the  motor  terminal 

box,*  t  0 

5b.  Secure  other  end  to  4/11  X  1-1/2" 
deep  junction  box. 


6a.    Use  the  69  -  folding  rule  to 
neasure  the  distance  from  the  Flour- 
eecent  light  junction  box  to  S3 
(Switch  Leg  #2). 

6b.  Select  one  or  two  lengths  of 
1/2"  E.M.T.  as  required.  % 

6c.    Flret  step  -  Form  a  6"  etub-up  * 
on  one  end  of  conduit  following  the 
measuring  and  bending  procedures 
outlined  in  the  attached  drawing 
titled  "Accurate  Stubs". 

6d.    Second  Step  -  Form  e  back-to- 
back  bend  with  the  first  90°  bend 
(6"  stub-up)  following  the  measuring 
and  bending  procedures  outlined  in 
the  attached  drawing  titled  ••back-to- 
back  bends". 


4c.  Secure  conduit  streps  with 
1/2"  shingle  nulls. 


5b,    Do  not  eecure  this  length  of 
conduit  with  e  strap..  Flexibility 
required  for  motor  vibration. 

6a.    The  conduit  run  eheli  be  run 
concealed  In  the  ettic  space  end  the 
well  partition. 


6c.    Locate  e  emell  piece  of  1/2" 
E.M.T.  end  practice  with  your  eeelgned 
hand  bender. 

Note:    Take-up  measurement  verles 
between  different  bendire. 

6d.    With  e  scrap  piece  of  E*.M.T. 
practice  making  e  back-to-back  bend 
to  exactly  2  feet. 
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7.  Itutall  non-netal lie- sheathed 
cable,  Type  HMC  3-conductor  #12 
copper  with  ground.    (Circuit  #3, 
Switch  Leg  #1). 

8.  Install  1/2"  electrical 
aetaillc  tubing  for  hone  run 

(Circuit  #3). 

9.  Install  Type  TW  conductors 
between  >#nel  and  lighting  out- 
let (Circuit  #3,  hone  run). 
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gg  TO  DO  IT 

6c.    Install  conduit  with  short  stubs 
and  E.M.T.  connector  to  lighting 
outlet  box.    Long  stub  will  enter  hole 
In  top  plate. above  S3. 

•».       «  • 

6£.    In  the' second  piece  of  conduit, 
bend  an  offset  near  one  end.  Amount 
of  offset  will  depend  upon  location 
of  knock-out  In  S3  gen  box. 

*6g.    Measure  distance  between  top  of 
switch  box  and  end  of  conduit,  sub* 

tract  l/8'V       «nd  and  Mcur* 

conduit  enus,  together  with  a  coup- 
ling.   Secure,  conduit  run  to  switch- 
box  with  a  connector  andloclcnuc.  . 

7a.    Use  same  procedures  as  outlined 
for  Circuits  #1  *nd  #2. 


8a«    Use  sane  procedures  as  outlined 
for  Iten  #6  (Circuit  #3,  Switch  Leg  . 
#2).    Start  from  lighting  outlet. 

9a.    Insert  fish  tape  into  Circuit 
#3fs  E.M.T.  Kom  run  at  the  panel. 
Push  until  12"  or  end  is  exposed  at  < 
lighting  outlet  box. 


7a.    Select  the  piece  of  3-conductor 
cable  that  would  be  close  to  your 
measurement  from  S3  to  lighting  outlet* 
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  U  * 


WBAT  TO  I«> 


10.    Install  Typt  TW  conductors 
between  S,  and  lighting  outlet 
(Circuit  #3,  Switch  Leg  £3). 


11,  Install  Type  TW  conductors 
between  S*  and  lighting  outlet. 
(Circuit  #3,  Switch  Leg  #2). 


HOW  TO  DO  IT 


KEY  POINTS 


9b..  Skin  the  ends  of  l-White  and 
l-Black#  Type  TWr  #12  conductors 
approx.  3".    Bend  the  exposed  copper 
at  the  Insulation  and  Install  on  the 
fish  tape.    Apply  3  or  4  wraps  of 
electrical  tape  up  arid  down  the 
connection. 

9c*.    Pull  fish  tape  at  panel  'until 
approx.  12"  of  wire  Is  exposed. 


9d.    Leave  approximately  6"  of  free 
length  when  cutting  the  conductors 
from  the  rolls'. 

10a.    Select  2-coils  of  Red,  and  2- 
coils  of  Blue,  rype  TK  Pit  single 
conductor  wire. 

10b.    Insert  fish  tape  into  flexible 
conduit  at  the  lighting  outlet  and 
push  until  12"  of  end  is  exposed  at 
S4  switch  box. 

10c.    Fol'ov  procedures  in  Item  $9 
for  securing  conductors  to  fish  tape 
and  pulling  in  conduit. 

lla.    Select  l-coil  of  Black,  l-coll 
of  Blue.  Type  TW  rl2  single  conductor 
wire. 


9c.    While  one  man  is  pulling  on  the 
fish  tape,  an  fsslstant  is  applying 
pressure  on  the*  conductors  at  the  J.B.- 

9c.    Remove  tape  on  fish  tape  and 
prepare  for  Item  #10; 


10c.  Remove  tape  on  fish  tape  and 
prepare  for  Item  #11. 

I 


n  <%f  is) 
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WKAf  TO  DO 


12.     Install  1/2"  electrical 
metallic  tubing  from  motor  con- 
troller to  junction  box. 
(Circuit  #4) 


HttI  TO  DO  IT 


KEY  POINTS 


lib.    Insert  fish  tape  Into  E.M.T. 
<at  the  lighting  outlet  and  push  until 
12"  of  end  it  exposed  at  S3  twitch 
box, 

lie,    Follow  procedures  In  Item  #9  for 
securing  conductor*  to  fish  tape  and 
pulling  In  consult. 

12b.    Conduit  shall  be  run  "surface 
mount"  from  top  of  "controller  tQ  con- 
cealed run  in  the  attic. 

12c.    Starting  at  controller,  measure 
for  offset  and' bend  as  required  In  one 

end  of  conduit. 

12d#    Measure  distance  from  top  of 
controller  to  top  of  ceiling  Joist . 
Lay  out  measurements  according  to 
attached  drawing  "Accurate  Stubs". 

12e.    Make  90°  bend  and  place  offset 
end  with  connector  into  controller 
knockout .  '  * 

12f .    Position  conduit  and  mark  with 
pencil  1/8"  from  edge  of  junction 
box  at  the  knockout. 

* 

12g.    Cut,  ream,  and  install  connec- 
tor. 


11c.    Remove  tape  on  fish  tape 
and  ensure  that  6"  of  free  length 
of  conductor  is  in. the  box* 


12e.  Do  not  .install 'iocknut  at  this 
time. 


•  V  UK.   1.  •  9 
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WflAX  TO  DO* 


13-     Install  1/2"  electrical 
metallic  tubing  from  panel 
to  junction  box.    (Circuit  #4- 
home  run). 


14.     Install  Type  TW  conductors 
between  panel  to  motor  junction 
box,  and  from  junction  box  to 
controller. 


15.    Install  Type.  TW  conductors 
between  controller  and  push-button 
station  (Circuit  H\. 


HOT  TO  DO  IT 


C78 


I2h.    Secure  both  ends  with  lockouts 
and  strap  conduit  above  controller  * 
using  1/2"  E.M.T.    Strap  and  1/2"  . 
shingle  nails .* 

13a .    Conduit  shall  be  run  concealed 
In  stud  area  above  the  panel. 

13b.    Use  available  short  pieces  of  • 
1/2"  2.MiT.  for  the  90°  stub  bend    '  % 
fro^paoel  end  offset  to  Junction  bom. 

14a.  Insert  fish  tape  Into  fc.M.T. 
at  Junction  box  and  push  until  1.2" 
of  end  Is  exposed  at  the  panel. 

14b.    Skin  the  .ends  of  2- Black,  and 
l-JJhlte#  Type  TW#  #12  conductors. 
Follow  Installation  procedures  out- 
lined. In  Item  #9. 

14c.  Insert  fish  tape  Into  E.M.T. 
at  Junction  box  and  push  until  12" 
of  end  la  exposed  at  the  controller. 

I4d.    Skin  the  ends  of  3- Black,  Type  TV 
#12  conductors  and  repeat  Item  #9 
procedures. 

15a.    Install  1-Vhlte,  1-Black  and 
1-Red,  Type  TV,  #12  conductors. 
Determine  length  by  estimating  dls- 

1 f  ence  ;by  routing  each  conductor  from 
terminal  to  terminal.    Cut,  skin  and 
secure  each  in  accordance  with  attach- 
ed  drevinx  titled  "1§  Motor  Controller 

(9  of  15). 


err  fonrrs 


14b.  Remove  tape  on  fish  tape  and 
prepare  for  Item  #14c. 
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CEA  1.3.H?JS.l 


WHAT  TO  DO 


MOW  TO  DO  IT 


OT  FOIWTS 


16.  Connect  circuit  conductors  at 
aotor  controller  artd  not or. 

(Circuit  #«)  * 


17.  Connect  ell  switches  end  sake 
the  neceseery  splices.  (Circuit 


»3). 


IS.    Coaplete  Installation  with 
witch  and  receptacle  plates, 
covers  snd  fixture  assembly. 

19*   Test  all  circuits* 


16a;    Follow  the  attached  dlagraa 

titled  »■ 10  Motor  Controller  Connec- 
tions" for  controller  and  ootor 
connections* 

17a.  Follow  the  attached  dlagraa*** 
titled  <93  and  4-way  Circuit  Diagram* 
for  Circuit  #3). 


13a.  Follow  examples  outlined  on 
display 'board. 


19a#    Enerelse  panels    lhace  »sln 
disconnect  In  On  position, 

19b*    Circuits  »1  and  #2:    Turn  oi** 
Circuits  #1  and  #2  breakers  and  test 
each  outlet  for  presence  of"  113  volts 
between  parallel  slots ,  and  sriall 
slot  to  ground*    Should  read  115 
volts* 

19c *    Circuit  #3  -  Turn  on  Circuit  *3 
breaker  and  test  each  light  switch  ' 
for  proper  operation.  •  • 

\  •  - 

19d„    Circuit  #4  -  Turn  on  Circuit  #4 
breaker  and  test  motor  clrcdlt  for 
otv»off  operation  via  push  button* 


1 6a*    Ensure  that  all  connections  at 
controller  are  nade  in  a  clockwise 
direction* 


17a*    Rough'vlrlng  Inspection  for 
evaluation  will  be  done  upon  comple- 
tion of  installing   witches,  outlets 
Motor  circuit  and  light  installation 
shall  be  1001  correct* 


19d*    AM  circuits  shall  operate 

100%  'correct* 


(10  Cl  15) 
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SINGLE  PHASE 
Motor  Controller  Connection! 
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U.S.  NAVAL -SCHOOLS,  CONSTRUCTION 

Port  Hueneme,  California  93043 


2?> 


CONDUIT  BENDING 


SACK-TO-BACK  BENDS 


Make. stub  bend  at  X  with 
"Guide-Line"  centered  on 
either  arrow  located  on  side 
of  hook.  Measure  distances 
from  X  to  Y  on  tube. 


V 


Reverse  bender  and  out  A  on 
bender  at  Y  on  tube,  line  up 
"Guide-line"  with  opposite 
arrow  than  used  when  making 
first  stub  and  make  second 
.bend. 


TO  STRAIGHTEN 


Place  handle  of  bender  over  stub,  or 
piece  of  moe  that  will  fit. inside,  and 
push  down  to  floor  in  one  full  sweep. 


(13  .of  15) 
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U.S.  NAVAL finnnnU?,  CONSTRUCTION 
•  "Port  thiamine*,  Cdlfornfci  93*043 


5f^ 


TRUE  OFFSETS 

Line  up  arrow  on  either  side  of 
Hook  with  "Guide-Line"  and  make 
45°  bend  .in  tube.     Reverse  tube 
in  bender  and  adjust  so  that  X 
is  lined  up  with  inch-mark  on 
bender  corresponding  to  depth 
of  offset  desired. 
Line  up  "Guide-Line"  with  opp 
site  arrow  and  make  second  45 
bend.     A  tru'e  offset,   in  the 
plane,  will  result  between  X 


ACCURATE  STUBS 


Subtract  take»up  from  desired 
stub  heloht.  This  a  Ives  distance  at 
which  to  place  §  on  bender  from 
the  and  of  the  tube. 

To  make  11"  -  90#  bend  with  1/2" 
tube,  allow  5"  for  take-up  as 
shewn  on  dlanram. 

With  3/4"  tube,  allow  6"  - 
With  1»  tube,  allow  8\ 


IV 


KEEP  FOOT  ON  BENDER 


5"  Take-up 


<U  of  15) 
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U.U.  NAVAL  tt;H0OL3,  CONSTRUCTION  3*7  ^ 

Port  Hunneme,  California  .93043 


SADOU  RENDS 


C-Center  of  finished  saddle  bend 

X-Double  the  diameter  of  round  object  from  C  r 

Y-Double  the  dimeter  of  round  object  from  C  *- 


Reverse  tube  In  bender- 
nd  place  B  on  bender  at 
X  on  tube.  Make  return 
bend  of  22  1/2*.  Duplicate 
orocedure  placlno  S  on 
bender  at  Y  on  tube  and 
complete  saddle  my  nakino 
another  22  1/2*  bind. 


round. object 


Place  tube  In  bender  so  that  C 
on  tube  1s  at  notch  on  bender 
and  make  45*  bend.    (A  45*  bend 
Is  reached,  when  bender  handle  Is 
at  a  rlnht  angle  to  tube) 


22 


3  Finished  bend  neatly  saddles 
*  .  round  object. 

♦  '  '  ' 

Prooer  allqnment  of  tne  'T*i1de-L1ne*  with  arrows  on 
bender-hook  will  result  In  the  saddle  being  In  a  straight 

(15  of  15) 
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.  NAVAL. SCHOOLS,  CONSTRUCTION 
PORT  HUENEtC,.  CALIFORNIA  93043 
CEA  1.3.1^.JS.l 

CLASS:    2    PRACTICAL:  6 
•  TITLE:     MAINTENANCE  AND  TROUBLESHOOTING  f~~ 

.  N 

INTRODUCTION:     ThiH  job  sheet  will  guide  you  in  the  procedures  for  maintaining^ 
and  troubleshooting  Circuits  #1  -  #4  completed  in  Topic  CEA  1.3.13  "Cubicle 
Wiring". 

MATERIALS:     Electrician's  tool  kit,  step  ladder,  wiping. rags. 
PROCEDURES:     See  Attached 
QUESTIONS:     Instructor  prepared 

REFERENCES:     NAVFAC  MO-116,  "Facilities  Engineering  Electrical  Interior 
Facilities",  March  1972 
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WiUtt  TO,  DC L 


1#  Ha  ih  tain  and  test  circuit 
breaker  panel* 


2.  Inspect  conduit  and  cable 
wiring  systems* 


HOI  TO  DO  IT 


la.    Ensure  that  main  breaker  is  in 
the  Off  position. 

lb.    Label  all  circuits  with  circuit 
number  and  type. 

-] 

1c.     Check  interior  of  panel 
for  cleanliness. 

Id.     With  a  screwdriver,  check 
all  circuit  breaker  load 
connections.  .  "Do  Nor  Over  , 
Tighten". 

le.     Check  load  balance  (equal 
distribution'  of  load  across  the 
two  phases) • 

If.  Grounding:  Check  connec- 
tions at  panel  and  ground  rod. 


2a.     Electrical  metallic 
tubing;     Check  all  connectors 
and  couplings  by  hand.  If 
loose,  tighten  with  adjustable 
open- end  wrench. 


u  ui  ot 
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CEA  1.3.K.JS.1 
KKT  POINTS 


le.  Calculate  appros.  load  using 
the  following  factors: 

Receptacle 180  watts 

Flourescent  fixture  -  100  watts 

1  H.P.  motor      746  watts 

If.     Circuit  breaker  panel  and 
grounding  system  maintenance- and 
load  balance.     Steps  of  procedure 
shall  be  performed  100%  correct. 
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HOW  TO  DO  IT 


CEA  l.3*.t4.JS.l 
/J 

KEY  POINTS 


\ 

<l)    Check  securing  ofE.K.T. 
for  proper  number  of  bends  9  type  of 
straps  and  their  location, 

2b,  t  Flexible  metallic  conduit: 
Check  all  conduit  connectors  by  hand. 
Remove  any  sharp  edges  at  terminer 

ttons,  •  9 

(1)    Check  securing  of  flex  for 
proper  nuwber  of  bends ,  type  of 
straps  and  their  location, 

2c.    N6ri-metalllc»sheathed  cable: 
Ensure  that  all  cable  run*  are  run 
within  the  concealed  areas  of  the 

building. 

(1)  Check  all  cable  connectors 
at  the  panel  and  junction  boxes* 
"Do  not  over-tighten  screws  on  cable 
connectors", 

(2)  Ensure^that^tHe' proper 
number  of  staples  and  their  location 
were  installed  to  secure  the' cables, 

\ 

Check  . for  staples  hammered  too  tightly 
on  the  cable. 


(1)  Total  number  of  bends  shall, 
not  exceed  360°. 


2c,.  Concealed  areas:  Within  the 
stud  and  above  the  celling  joists 
areas. 


<l)    Damage  to  cable  Insulation  will 
occur  when  cable  connector  Is  secured 
too  tight, 

*'}  t  . 

(2)    Damage  to  cable  Insulation 
will  occur  when  staples  are  hammered 
beyond  the  safe  limit, 

Inspection  of  conduit  and  cable 
wiring  systems  shall  he  performed  * 
100%  correct. 
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o  WHAT  TO  DO 


HOW  TO  DO  If 


3*  Maintain  and  test  flouresceiU 
lighting  circuit. 


4*     Maintain  and  test  motor, 
motor  controller  and  push-button 
station*  ■ 


3a#  *  Check  fixture  reflector  ft>r 
cleanliness*    Clean  if  required, 

3b#    Check  flourescent  lamps  for 
seating  firmly  and  correctly  in ^ the 
lamp  holders, 

3  c. #    Turn  On  lighting  circuit 
breaker  at  panel, 

3d*     Test  3-way  and  4-way  * 
switched  for  proper  operation, 

3e.     Turn  lijghd  ON:     If  lamp 
flickers,  swirls  or  flutters, 
turn  Qf f  *or  a  *ew  »inutes  - 
then  turn  ON*     Change  lamps 

if  flicker  remains* 

> 
>> 

4a*  Ensure  that  the  motor 
circuit  disconnect  (at  the 
Panel)  is  in  the  Off  position* 


4b*     Motor  controller :  ~  Re- 
move cover  and  check  for  dirt, 
pieces  of  copper  wire,  pre- 
sence of  moisture  and  loose 
connections* 

(1)  -  Check  the  ampere 
rating  of  the  thermal  over- 
load units  and  compare  with 
the  nameplate  ampere  rating 
on  the  motor* 
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CEA  U3#tOS#i 


KEY  POIKTS 


3d#    It  switches  do  not  operate 
correctly,  review  the  drawing 
titled  "3  and  4-way  circuit 
,  diagram"  for  Circuit  #3. 

3e*    JLf  flickering  lamp  is  not 
.replaced,   it 'may  cause, damage  to 
the  ballast. 


4b»  Clean  out  all  loose  particles 
and  tighten  any  loose  connections* 
"Do  not  over  tighten"*  -  % 


(1)     If  the  current 
ratings  differ  by  4  or  more  amps, 
report  this  to  the  instructor*' 


694 


HOW  TO  DO  IT 


CEA  1.3.K.JS.I 
KEY  POIKTS 


(2)  Check  contacts  for  making 
full  contact*    Puah.  contact  assembly 
with  finger  positioned  below. solenoid 
(coll). 

(3)  Cleaning  contacts:  Use 
extra  fine  sandpaper  and  remote  high 
spots  on  contacts ,  if  required 9    Do-  . 
not  use  emery  cloth!  J 

4c #    Push-button  station;  Remove 
cover  and  check  for  loose  connections 
and  conductors  Interfering  with  the 
.travel  of  moving  parts #  - 


4d#    Replace  covers  on^ controller  and 
push-button  station.    Place  Circuit 
#4  (disconnect  at  panel)  to  the  On 
position. 

Push  Start  button  and  check  motor  for 
proper  operation*.. 

4e#    Motor  does  not  operate: 

(1)  Turn  circuit  disconnect  to 
Off  position.  - 

(2)  JJse_s t epJadder- 1 o^getTlif 
IRSlTnoh  to  check  the  splices  and  * 
motor  connections  In  the  attic  area* 

0\  -Refer  to  the  wiring  diagram 
"Single-£hase  Motor  Controller 
Connection*"  and  make  corrections  as 
required* 

13  or  bj. 


(2)  This  check  will  also  ensure 
free  travel  of  contact  assembly* 


4c #    Operate  Stop  and  Start  buttons 
to  ensure  free  travel  of  moving 
parts* 


4d#    Ma  I  nt  ens  rice  and  testing 
procedures  shall  be  performed  1001 
correct* 
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UMAT  TG  DO                                                  WW  TO  DO  IT                                             OT  POINTS 

-  % 

(A)    Repeat  starting  procedures 
and  check  system  for  proper  operation* 

f  * 

(A)    Maintenance  and  testing 
procedures  shall  be  performed  100% 
correct.  7 

f  ■ 

■*                                             _     — .. 
a 
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NAVAL*  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043  ' 
CEA  JS2. 1.1,1 


CLASS:  4    PRACTICAL:  3 


TITLE:    Tying  Knots 


INTRODUCTION:  This  job  sheet  will  guide  you  in  the  proper  technique  for 
tying  the  timber-hitch,  clove-hitch,  half-hitch,  bowling, 
and  grunt 9 8  knot.    Knots  will  be  used  when  building  the 
  overhead  distribution  system.  ^_ 


TOOLS  AND  EQUIPMENT:    6-foot  step-ladder 

3-cIassroom  mounted  training  poles  - 

*  * 

MATERIALS 3-Aandlines  (complete  with  4-foot  attaching  lines) 
24-piece»  of  6-foot  length  %"  synthetic  lines" 

PROCEDURES:    See  attached 

QUESTIONS:    Instructor  prepared 

REFERENCES: 

A.  NAVPERS  10636-G,  CE  3&2,  Chapter  9 

B.  TM5-680,  Electrical  Facilities,  May  1946 

C.  Lineman's  and  Cablemanfs  Handbook,  4th  ed. ,  Kurtz,  McGraw-Hill* 
Book  Co.,  New  York,  N.Y. 


CEA  2.1.1.JS.1 

o 


WHAT  TO  DO 


HOW  TO  DO  IT 


1.    Secure  hand-line  to  top  of 
pole  with  f4f- attaching  line. 


2.    Tie  a  clove-hitch  and  a  half 
hitch  oil  a  cross  arm.  


700 


1.    Using  timber  hitch. 


la.    Take  bitter  end  around  the  pole 
(6"  from  the  tope)  and  lay  on  top 
of  secured  end.    Bring  under 
— secured-end^nd-spiral-back  upon 
itself  approximately.  4  times. 
While  holding  bitter  end,  apply 
pul  on  secured  end  and  draw  tight. 


KEY  POINTS 


1. 


la. 


2.    Lay  crossarm  in  a  horizontal 


2a. 


-?ositionn3n~  the^ound  with  one 
end  resting'  on  toe  of  line-boot. 
Apply  "clove-hitch"  to  elevated  end 
of  corssarm  by  making  two  overhand 
loops  (close  to  the  snap  and  ring 
assembly),  pass  second  loop  behind 
first,  then  install  over  end  of 
crossarm.    Tighten  by 'pulling  firml) 
on  bpfch/^nds. 

Rest  opposite  end  of  crossarm  oh^ 
lineboot.  apd  apply  a  half-hitch  by 
removing  slack  from  line,  make 
one  overhand  loop  formed  and  - 
placed  over  end  of  crossarm  so 
that  tension  on  running  end  will 
tighten  loop  around  crossarm. 


Check  knot  tying  display  « 
for  correct  procedure.. 

Using  steps  of  procedure 
performed  by  instructor. 


lb. 


Insure  that  snap-hook  and 
During  are  at  the  bottom  of 


the  hand-line. 

iIse_oJLlineboo>t--permits  use-of— 
both  hands  for  tying  clove-Kitch. 

Position  clove-hitch  4"  to  6" 
from  end  of  crossarm. 


2a.    Remove  slack  in  line  between 
clove  to  half-hitch,  applying 
half-hitch  4"  to  6"  of  end  of 
crossarm.    If  loop  does  not 
tighten  on  crossarm,- reverse 
method  of  placing  loop. 


(2  of  4) 
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CEA2.1.1.JS.I     L^Q£  ^ 

WHAT  TO  DO 

.  HOW  TO  DO  IT 

KEY  POINTS  a-y 

• 

r 

2b. 

Test  knots  by  raising  crossarm 
with  operating  side  of  hand-line. 

> 

# 

2b.    If  100%  correct  in  tying  clove  ^ 
and  half-hitch,  lower  and  remove  . 
crossarm  before  performing 
bowline  steps  of  procedure.  •  - 

3.    Tie  a  bowline  in  a  6  foot 
length  of  V1  practice  line. 

i  3. 

Form  bowline  in  accordance  with  the 
following  sketches: 
(Use  sketch  on  page  41-6  L&C  Hand- 
Book) 

3.    Bowline  will  be.  used  in  pole 
top  rescue.    This  type  of  knot 
is  a  non-slip,  safe-to-use  Knot 
for  lowering  an  injured  lineman. 

V 

3a. 

X  * 

i 

Have  instructor  check  bowline 

*                             "     -                                                 -  5T 

0- 

'-t 

U 

r 

- 

•for  accuracy* 

* 

* 

*  6  o 
k  ERIC 
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CEA  2.1.1.JS.  1 

WHAT  TO  DO                                                             HOW  TO  DO  IT          w                                 KEY  POINTS 

4.  '  Tie  a  Grunt's  knot  In  a  hand- 
line  (Hand line  will  be  secured 
to  the  top  of  classroom  prac-  ■ 
.  tice  pole) 

4.    Form  the  grunt's  knot  in  accordance 
with  the  following  sketches: 

4.    A  Grunt's  knot:  is  used  to  raise 
tools  and  fittings  to  the  lineman 
on  the  pole. 

9  * 

o 
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4a.    .Instructor  will  check  Grunt's  knot 
for  accuracy. 
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NAVAL  SCHOOLS  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 
CEA  2.1.2. JS.l  . 


CLASS:  I     PRACTICAL:  5 
TITLE:    Framing  Poles  ^    ~  . 

nmtODUCTIOH:    This  job  sheet  will  provide  you  with  terms  and  their 
definitions.    The  .terms  listed  will  acquaint  you  with 
.  the  three  tasks  outlined  in  the  topic  objective  and  die 
proper  steps  of  procedures  you  will  follow  to  successfully 
-     complete  them. 

TOOLS  &  EQUIPMENT:    fc'-folding  rule,  framing  square  (36"  X  24",  two  cant 

hooks,  buck-saw,  lineman's  turner  or  wood  mallet, 
chisel  (2"  wood),  wood  brace,  11/16"  x  14"  auger- 
bit,  framing  rack. 

MATERIALS:    1-un treated  power  pole.. 

PROCEDURES:  .  See  Attached 

QUESTIONS:    Instructor  Prepared  * 

REFERENCES:    Lineman9 s  and  Cabfcemanjs  Handbook,  4th  ed.,  Kurtz,  McGraw  - 
.  Hill  Book  Co.,  N-.Y.,  N.YI  *  • 
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CEA  2.1.2.JS.1 


4^9 


Ml  TO  DO  IT 


OT  FOIHTS 


I.    Identify  tens  used  In 
"framing"  a  Vole. 


2.    Position  pole  for  framing. 


1.   Tens  and  definitions: 
a 


roof  -  top  of  pole  angle  cut 
15  ,  face-to-back. 1 


b.  Butt  -bottom  of  pole. 

c.  Face  •  inside  curve  of  pole.„ 

d.  Back  or  High  side  -  outside 
curve  of  pole;  aide  used  for 
climbing. 

e.  Gain  •  a  'flat  surface  put  Into 
face  aide  of  pole  for  mounting 
crosaarms. 


f n   Cain  (preformed)  •  foe  attach- 
ing crossarm  without  use  of 
cut-in  gain.  » 

*  » 

g.    Thru-bolt  hole  -  Required  for 
mounting  cross arms. 

.  h.    Guy  attachment  hole  -  Required 

v for  guy  attachments. 

i  - 

1.    Framing-rack  -  supports  for  bot  ti 
ends  of  pole  for  framing  tasks. 

2.    Position  pole  on  •'  framing-rack11 
-  with  face  up. 


(2  of  5) 


e.    Exception:  .For  special  application 
other  than  a  straight  run,  the 
gain  may  be  cut  where  required  for 
take-off  crossarm. 


2.    Use  of  two  cant  hooks  by  one 

  student  to  position  and  hold  the 

t  pole  while  framing. 
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MM  TO  DO  IT 


-  '  CEA  2.1.2.JS.1 


or  POINTS 


Cutting;  a  single -  gain 


On  back  side-measure  from  the 
top  dovn  V'  and  mark  with  chalk 
or  pencil.    Complete  angle  of 
15°  cut  by  scribing  line  from 
top  of  face  to  mark  on  back  side. 

Use. buck-saw  to  follow  guide  line 
in  cutting  roof. 


On  the  face  of  the  pole  measure 
down  from  the  roof  lpV  »ark 
virh  pencil. 

Measure  2V  above  and  below  10V' 
guide  mark  and  make  two  horizontal 
lines  for  top  and  bottom  of  gain. 

Using  buck-saw,  cut  along  the  two' 
lines  V  to  5/8"  deep. 


3.    Student  with  cant  hooks  will 
rotate  pole  90°  for  purpose  of 
measuring  and  cutting  roof. . 

3a.    Utilize  framing  square  (36"  x 

24")  guide  for  pencil  to  complete 
line  for  roof  cut. 


3b.    While  cutting,  maintain  true 
vertical  axis  in  downward 
strokes.    Upon  completion  of  cut; 
reposition  pole  to  "face  up" 
position.  / 

4.    Note  in  movie  how  centerline  of 
polte  is  found* 


With  a  lineman's  banner  and  wood 
chisel  (2M  width)  split  thcf  gain 
in  two  equal*  vertical  halves. 

From  outsfde  to  center  drive  chiee 
and  remove  \  of  the  gain  at  a  time 


4a.    Height  of  crossarm  determines 
size  of  .gain. 

Standard  arm  height  -  4VV. 

/S.    Maintain  accurate  horizontal 
position  of  sa\r  while  cutting*. 

4c.    Do  not  drive  chisel  deeper  then 
the  saw  cuts .      -  .  • 


4d.    Remove  small  amounts  during  this 
step  and  inaurfe  that  finished 
gain  is  concave.,, 
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MAT  to  no 


BOW  TO  DO  IT 


OT  FOISTS 


5.    Cutting  multipte  gains. 


6*    Boring  holes. 


7.    Check  framing  with  the 
instructor. 


5.  On  the  face  of  the  pole  in  accord- 
ance with  the  special  application 
situation  given  by  the  following 
drawing:  CEA.  2.1.7,0.1  "Trans- 
formers and  secondary  distribution' 
pole". 

6.  Position  for  boring  holes  shall  be 
found  by  drawing  two  diagonal 
pencil  lines  that  intersect  in 
the  center  of  each  gain  as  per 

-  sketch: 


CcmtC*  * 
to* 


6a. 


6b. 


7. 


Follow  steps  of  procedure  alighing 
gains  outlined  in  L  &  C  Handbook, 
page  10-10.  ~" 

With  a  wood  brace  and  a  11/16"  x 
14"  auger-bit  bore  hole  at  the 
center  of  each  gain. 


Template  as  indicated  in  L  &  C  Hanf-  7. 
book,  page  10*10  will  be  used  to 
check  for  accuracy  of  alignment 
and  depth  of  the  2  gains  and  3 
holes. 

7a.    Roof  angle  will  be  checked  with 
an  adjustable  angle  square. 


5. 


6. 


6b. 


Measurements  shall  be  given 
by  the  instructor  for  the 
voltage  involved. 


Eventual  mounting  of  crossarm 
depends  upon  accuracy  of  the 
location  of  the  holt-hole. 
Hole  position  shall  be  within 
+  or  -  1/8". 


Maintain  a  vertical  position  on 
the  auger  while  drilling  by 
having  a  student  check  to  in- 
sure accuracy. 

The  template  shall  have 
clearance  at  top  &  bottom 
of  each  gain. 


7a.    TJje  roof  angle  may  have  a  +  or  - 
1    variation  from  the  required  1 
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HOW  TO  DO  IT 


CT  gOCTTg 


8.    Anchor  guy  thru-bolt  holes. 


8.    Thru-bolt  hole*  for  guy  attachment! 
will  be  located  (in  line  with) 
gain  thru  bolt  holes.  Measure 
down  from  center  of  top  gain  thru, 
bolt  hole  9".    Second  anchor  guy 
thru-bolt,  hole  will  be  located  9" 
down  from  center  of  middl«-gain 
hole  and  90°  from  center  line  in 
accordance  with  the  following 
sketch: 


A  ^ATTACMHCHT 


Bout- 
Without 

GAIN 


Top  guy  attachment  hole  for 
primary,  line  anchor  and  second 
hole  for  secondary,  distribution 
guying  at  90°  from  primary. 
All  holes  shall  be  within 
+  or  -  1/8". 
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NAVAL  SCHOOLS  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 
CIA  2.1.3.JS.1 

u'    CUSS:  2     PRACTICAL:  7 

TITLE:    Erecting  and  Setting  Poles 

INTRODUCTION:    The  steps  of  procedure  for  manually  erecting  and  letting 
a  35-foot  pole  are  outlined  in  this  job  sheet  for  use  by 
a  tem  of  ten  men.    This  pol%  will  become  part  of  the  power 
distribution  line  to  be  built. 

TOOLS  &  EQUIPMENT;'  Digging  bar,  short  "D"  handled  shovel,  straight  shovel, 

spoon  shovel,  tamping  bar,  pike  poles,  cant  hooks, 
,  jenny  or  mule,  carrying  hooks,  sighting  rod. 

MATERIALS:    1-35  foot  pole 

1  -  butt  board,  2"  x  12"  x8' 

PROCEDURES:    See  Attached 

QUESTIONS:    Instructor  prepared 

REFERENCES:    A.    NAVPERS  10636-G,  CE  342,  Chapter  9 

B.    Lineman's  and  Cableman's  Handbook,  4th  ed.,  Kurts,  McGrav- 
Hlll  Book  Co.,  N.Y.,  N.Y. 


(1  of  6)  7io 


CEA  2.1.3.JS.1 


way  to  do 


BOH  TO  DO  IT 


1.    Identify  terns  used  in 
"Setting  a  pole".  i 


r 


1.    Terns  and  definitions: 


a.  Pale  hole  -  Hole  in  soil  of 
a  specific  depth  and  diameter. 

be  Pole  hole  diameter  -  should 
be  at  least  6"  greater  than 
the  diameter  of  the  pole  at 
the  butt. 

c.  Pole  hole  depth  -  Determined  bp 
the  length  of  pole  and  the 
type  soil: 

(1)  Normal  soil:  10%  of  the 
pole  length  and  add 
'  2  feet,  min.  of  5  feet, 
example  40'  pole: 
10X  of  40  -  k  feet 
+  2  feet  «  6  feet. 

d.  Digging  Bar  -  approximately 
6  feet  long,  one  end  shaped 

to  a  blunt  chisel  point,  other 
end  shaped  to  a  point  similar' 
to  a  pencil. 

e.  Shovels: 

(1)  Short  "D"  handled  shovel- 
used  in  digging  first  few 
feet  of  pole  hole. 

(2)  Straight  shovel  -  used  to 
cut  sides  of  holes  straigh 
down  and  to  loosen  dirt  at 
bottom  of  hole. 

(3)  Spoon  shovel  -  used  to  lif 
•  loose  ground  from  bottom 

of  hole. 
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l.    Refer  to  Lineman's  and  Cable 


(2  r'  6) 
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WHAT  TO  DO 


HOW  TO  DO  IT 


2,    Dig  pole  hole. 


f. 


h. 


i. 


Tamping  bar  -  wood  or  steel  bar 
approximately  6 1  long  used  to 
compress  all  the  ground. taken  oit 
of  the  hole  back  down  around  thi 
pole. 


Pike  pole  -  approximately  16*  w] 
a  steel  point  on  one  end.  Used 
by  piking  crew  to  raise  pole  an< 
steady^  the  pole  during  tamping 
operation. 
*  > 

Cant .hook  *  a  movable  hook  on  a 
4*  handle  usetd  to  keep  pole 
from  rolling  and  to  turn  the  f 
pole  when  required.  * 

Jenny  or  anile  -  pole  support 
approx.  6'  high  used  to  support 
pole  during  lifting  operation. 


J.    Butt  board  -  2"  x  12M  x  8*  board 
used  as  backing  board  while 
setting' pole  in  hole. 

k.    Carrying  hooks  -  double  handled 
hooks  for  carrying  poles  by 
hand. 


2. 


Dig  pole  hole  to  the  required 
width  and  depth  for  a  35'  pole  in 
accordance  with  "Pole  hole  diamete 
and  depth'!  definitions. 


CfeA  2.1.3.JS.1 

\ 

kit  gangs 


th  g. 


Refer  to  L  &1C  Handbook  pagesll 
9  for  table  ll\2,  "Average 
size  of  crew  required  to  raise 
poles  of  different  lengths". 


2.    Refer  to  L  &  C  Handbook,  pages 
11-4  to  11-6. 
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HOW  TO  DO  IT 


HT  POIWTS 


3.    Dig  trench  to  pole  hole. 


4*    Set  pole  in  hole. 


720 


'3, 


Dig  trench  to  easily  accomodate 
the  width  of  the  pole,  and  in 
accordance  with* the  following 
sketch:- 


— trr-*-— j 

r 

3' 

L 

4. 


Assign  numbers  1010  to  piking  crew 
and  crew  leader: 
a*    #1-6  "Piker*" 

b.  #7  "Jenny"  operator 

c.  #8  "Cant  hook"  operator 

d.  #9  "Butt  board"  nan 

e.  #10  "Crew  leader". 


4a.    #9  -  position  butt-board  in  hole. 

4b.    #10  -  issure  command  to  #1-6, to 
position  pole  in  trench  with  butt 
of  pole  against  buttboard. 

4c.    #10  -  issue  conmand  to  #1-6  to 
raise  end-of*  p<»le  by  hand,  and 
#7  to  place  "Jenny"  under  the 
pole  for  support. 

4d.    #10  -  issue  coemund  to  #1-6 

to  position  pikes  in  accordance 
with  the  following  sketch. 

$E*  PAC£  (5crG)  s 
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3. 


Ditch  and  hole  measurements  shall 
be  within  +  or  -  6  Inches. 


4. 


Refer  to  L  &  C  Handbook,  pages 
U-9  to  11-12. 


4b. 


#1-6  will  use  3  carrying  hooks 
to  place, pole  in  ditch. 


4d. 


All  commands  shall  be  executed 
100%  correct 
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*7  JCMMV 


Burr 


/ 


CamtHomt 

4e.    Raise  pole  upon  command  until 
rear  pikers  #1  and  2  yell  9>high 
pike".    Stop  raising  pole  and 
allow  #7,  to'  move  forward  with 
Jenny  under  pole.  * 

4f .    With  Jenny  repositioned  H  and  2 
will  re -pike  their  poles  is 
front  of  #5  and  #6  (one  at  a  ttocj) 
#10  will  then  coonsan  to  raise 
pole  until  ,(high  pike"  is  yelled 
again,  followed  by  above  routine 
until  pole  settles  in  hole. 

Ag.   Align  pole  with  pikers  #1  -  #4 
positioned  90   around  the  pole. 

4h.    #9  *  remove  butt  board. 

4i.    #10  will  align  the  pole  by  in- 
forming #8  to  turn  pole  so  that 
the  gains  face  the  direction  out- 
lined in .the  blueprint  NAVFAC  DWG 
No.  11098JI. 

NEXT  STEP:  #9  and  #10  will  use  a 
pike  pole  held  vertically  with 
in  the  ground  positioned  approx. 
30*  from  pole  so  that  alignment 
can  be  determined  from  2  positions 
90  apart. 


poii  it 


m  POINTS 


4e. 


4f. 


Piking  procedures  'shall  be 
executed  100%  correct.  ^ 


#p  will  reposition  cant  hooks 
as  pole  decends  further  ihtb 
the  hole.    Operator>n#iJLl  keep 
the  pole  frqrt  turning.      ^  ~ 
#9  -  make  sure  butt-board  does 
not  bind  the  pole  by  becoming 
cocked  In  the  hole. 


4i.    Refer  to  L  &  C  Handbook,  page 
11-23. 


723 


o 


CEA.  2.1.3.JS.1 


vbat  to  go 


BW  TO  DO  IT 


Back  fill  and  taiap  dirt  In 
hole  around  pole. 


*  f  J 


CTT  POIHTS 


5. 


#1-4  will  fret  bottom  of  pike 
poles  firmly  on  the  ground  and 
hold  steady  until  back  fill'is 
completed, 

#9  will  shovel  dirt  into  hole,  and 
#5-6  vill  tanp  the  dirt  so  that  all 
that  has  been  taken  out  is  coupres 
ed  around  the  pole. 


5.    Remove  aligning  pikers  (#1-4) 
when  enough  earth  has  been  back 
"   filled  to  support  the  pole, 
(approx  %  way  up  the  hole) 
ALL  the  dirt  taken  out  of  the  hole 
shall  go  back  in  the  hole. 


5a.    Vertical  position  of  pole  and 
£ain  direction  shall  be  100% 

O " 


correct. 


0 
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NAVAL  SCHOOLS  CONSTRUCTION  ~ 


PORT  HUENEME,  CALIFORNIA  93043 
CEA  2.1.4.JS.I 

CLASS:  2     PRACTICAL:  14 
TITLE:   Mounting  Crossing,  Pins  and  Insulators 


HITROCUTI0N:    This  job  shaat  in  conjunction  with  the  NAVFAC  drawing  \ 
No.  1109831  "Advanced  Base  Standard  Pole  Line,  No. 2 
AW6  Conductors,  2400/4160,  3  Ph,  4  wire"*  will  guide  you 
in  siountlng  crossams,  pins  and  insulators.    The  steps 
of  procedure  shall,  he  closely  coordinated  with  the  various 
r      crossara  configurations  as  outlinad  in  the  drawing. 

TOOLS  &  EQUIPMENT:    Lineman's  tool  kit,  clinbing  gear,  hard  hat, 

hand line,  auger,  truck,  line  truck. 

MATERIALS:    As  listed  in  NAVFAC  DWG  No.  1109831 

PROCEDURES:    See  attached  procedures  and  drawing 

QUESTIONS:    Instructor  prepared 

REFERENCES:   A.    NAVPpRS  10636-G,  CE  3&2t  Chapter  9 .ti  C' 

*•    Lineman's  and  Cableaan's  Handbook,  4th  ed.,  Kurtz,  Mcgrav- 
Hill  Book  Co.,  Ne Y. ,  N. Ye 


U  of  .7) 


Identify  terms  used. in 
mounting  cross arms,  pine  and 
insulators. 


HOW  TO  DO  IT 


CEA  2.1.4.JS.1 


WT  POINTS 


Terms  and  definitions: 

Single  cros«arm-  sup- 
port for  ^insulators  and 
conductors;     Used  on 
st raight  Tine  'runs  where 
there  is  no  excessive 
strain*  *  Also  used  as 
bottom  support  for  trans- 
formers. 

Double  arm-:Used  at  line 
terminals ,   corners ,   angles , 
or  at  otLer  points  where 
there' is, an  excessive  strain. s 
When  two  or  more  transformers 
are  mounted  on  the  same  pole, 
double  arms  are  used'  for 
their  support .  / 


Buck  or  reverse  arjns-used  / 
at  corners  and  at  points 
where  branch  circuits  are 
taken  off  at  right  angles  / 

to  the  main  line.  \< 

i 

Side . arms-used  in  alleys 
or  other,  locations  where  it 
is  necessary  to  clear 
buildings. 

Pin  holes-are  located  on 
crossarms  at  various  dis- 
tances determined  by  the 
distribution  voltage  and 
number  of  phases* 

Insulator  pins-installed 
iri  pin,  holes  for  support 
of  insulators . 

I*  ot  7)  .\h 


a.  .Refer  to     L  &  C  Han'dbook,  pages 
13-1  to  13-10  alternate  arms  ^ 
in  a  straight,  tun  should  face  7 
in  the  same  direction. 

• .  .t>     .*.-"•   ■      ■■  Ci 
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BOH  TO  DO  IT 


h. 


t. 


k. 


D.A.  Bolt  -  double  arming 
bolt  -used  when  assembling 
two  arms  on  a  pole. 

\ 

Thru-bollt  -  uaed  to  mount 
cross arm  on  pole. 

\      4  * 

Carriage  bolt  -  used  to  at tad 
the  cross arm  braces  ,to  cross* 
arm. 


Eye  bolt  y  Use  similar  to  D. 
A.  bolt tttth  additional  func- 
tion of  mounting  suspend  ..on 
insulators. 


Lag  screw  •  used  to  attach 
crossatm.  brace  to  pole. 


1.    Braces  - 


p(l)  flat  -  used  to  prevent 


^cro6sarn\poveinent  on  pole, 

(2)  Angle  -  Used  to  prevent 
*  crcssarm  movement  where 
line  goes  off  on  an  angle. 

Insulators-.  f 

\ 

(!)  Line  -"used  to  support 
primary  conductors  on  top 

of  crossarms. 

\ 

(2)  Suspension-  used  to  dead- 
end primary  conductors  on 
any  part  of  pole  line 
requiring  a  change  of 
e  direction. / 
(3  ofrf7) 
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BOW  TO  DO  IT 


HT  POIMTS 


2. 


Mounting  cross arms  and  pins 
on  a  pole  in  a  horizontal 
position  on  the  ground.  * 
(corner  pole) 


3.    Install  corner  pole  in  hole* 


4.    Mounting  single  crossaros  and 
pins  on  a  pole  in  a  vertical 
position  in  the  ground. 


Spring  washers  -  used  'to 
eliminate  loosening  condition 
created  by  thermal  expansion 
and  contraction  of  nuts,  bolti 
and  pine* 


Support  the  top  end  of  the  pole 
approximately  4%  feet  off  the  grourfl 
by  use  of  the, line  truck..  Apply 
the/hook  and  cable  near  the  aid* 
point  of  the  pole  and  hoist  top 
end  to  the  required  distance. 


2a.    tfount  the  crossarns  pins  and  c2a. 
associated  hardware  in  accordance 
with  NAVFAC.  drawing  No.  1109831 
"Advanced  base  standard  pole  line, 
?No:  2,  AVC  conductors,  2400/4160, 
3Ph,  4  wire11,  Sgctign  "Cross arm 
Construction  61  -90  angle. 

3.  Use  line  truck  and  required  line 
handlers  to  position  pole  in  hole. 

3a.    Shove lei  and  tampers  secure  pole 
in  hole.  1 

4.  Prepare  cross arms  on  the  ground  4.* 
in  accordance  with  the  position  of 
the  pole  in  the  pole  line  and 
the  applicable  detail  drawing 
as  per  NAVFAC  drawing  No.  1109831. 

I 

!  4a.    Prepare  to  Mount  cross  arms  with 
!         lineman  up  on  pole  facing  gain 

.  tide  of  pole  and  secure  a  hand line 
f\  with  a  timber  hitch  above  top  gain. 


Pole  hole1  to  be  dug  by  auger 
truck. 


* 

All  hardware  items  are  listed  in 
the  bill  of  materials  and  each 
item  can  be  located  by  their  , 
'assigned  number  installation  of 
crossarms  pins  and  associated 
hardware  shall  be  100%  correct  in 
accordance  with  the  drawing. 


Carefully  note  each  .type  of  cross- 
arm  configuration,  and  how  they 
vary  in  the  types  of  hardware 
required. 
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Mounting  double  cross arms, 
pins  and  associated  hard- 
ware on  a  set  pole. 


4b.    Groundman:    Using  hand line  with 
snap  and  ring  at  bottom  of  loop 
tie  a  clove-hitch  on  lower  end 
of  c rot •arm  and  half -hitch  on  the 
other  end.  »~ 

4c.    Lineman:    When  receiving  cross- 
am,  remove  half-hitch  from  upper 
end  and  lay  ano  across  safety 
belt  with  assistance  from  ground 


(1)  With  arm  approximately  at 
same  level  with  gain  while 
resting  on  safety  strap, 
the  lineman  will  slide  the 
thru-bolt  into  the  gain- 
thru-hole  while  pushing  bolt 

-    from  other  side  of  arm. 

(2)  Place  spring  washer  and  nut 
on  thru-bolt.    Use  lineman 9 s 
wrench  to  tighten  nut  until 
spring  washer  is  fully  com- 
pressed* 

5.    Prepare  double  crossarms  on  the 
ground  as  per  Item  #4* 

5a.    First  lineman  -,  ascend  pole  and 
secure  hand line  above  top  gain 
and  position  safety  belt  even 
with  bottom  of  top  gain. 

5b.    Second  lineman  -  will  be  position 
ed  on  opposite  side  of  pole. 
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433 


4b.    Ensure  that  braces  are  next  to 
t>ole9  and  top  of  crossarm  will 
,   be  up  when  lineman  receives  the 
assembly  from  the  headline. 


4c.    Groundman  will  help  raise  the 
crossarm  on  the  lineman's  belt 
after  the  half -hitch, has  been 
/  removed. 

(1)    Lineman:    Do  nofc  remove  ' 
clove-hitch  until  thru- 
/  bolt  is  secured  with  nut 

'  on  spring  washer. 


(2)    Refer  to  print  "B1U  of 
material"  for  specific 
type  of  hardware  required 
on*  each  crossarm  configurator 


(5  or  7) 


5b.    Second  lineman  will  not  ascend 
pole  until  the  first  lineman 
is  set  in  his  working  position. 


u^t  to  no 
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KEY  POIKTS 


Sc.    Groundman  -  raise  prossarm  with 

D.A.  bolts  and  thtu-bolt  in  simil< 
.    Banner  as  item  4b  and  £. 

First  lineman  facing  gain  will 
receive  this  crossarm. 

5d.    First  lineman  -  position  first 

crossarm  on  safety  belt  and  guide 
thru-bolt  into  gain  hole.  Apply 
pressure  on  thru-bolt  until  thru 
.  '  the  pole  and  hold  for. positioning 
of  second  xrossarm. 

5e.    Second  lineman  -call  for  second 
crossar*.    Position  arm  on  safety 
belt  end  guide  onto  first  arm 
D.A.  boles  and  thru-bolt. 

(1)  Place  spring  washer  and  nut 
on  thru-bolt  first.  -  tighten 
until  washer" is  fully  compress 
ed..  Repeat  same -on  D.A.  boltjs 

(2)  Apply  dead-ending  insulators 
and  hardware  as  per  drawing. 


•  \ 


5f .    Secure  crossarm  assembly^ 


— 9 

5f. 


(6  7) 


(2)    First  lineman  shajj^asslsf 
second  lineman- in  receiving 
dead-end ing  hardware  from 

^^--grourid . 

Installation. shall  be  level  and 
facing  in  the  proper  direction. 
All  nuts,  bolts  and  screws  will 
be  tight. 

736  -  :  ' 


vgtf  to  no 


.  -V 


6.     Inform  ins cruc tor  that 
crossarm  installation  is 


£o**    *•  " 4  complete. 
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MOB  TO  DO  IT 


KBT  POIRTS 


5f.    (cont'd)  J- 

( I)    le  ve  I  jcross  arms 

„-  -'''(2)    Position  braces-  to  center  of 
pole. 

(3)    Drive  lag  screw  to  V  of 
. tight  position. 

(A)    Complete  tight-ending  of 
screw  with  lag  wrench. 


(7  of  7) 
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'  NAVAL  SCHOOLS  CONSTRUCTION 
PORT  HUENEKE,  CALIFORNIA  93042 

'  CEA  2.1.5.JS.1  I 
*  '  "  L' 
CLASS:  1     PRACTICAL:  7 

TITLE:    Guying  -poles 

INTRODUCTION:    This  job  sheet  will  guide  you  in  the  proper  steps  of 

procedure  for  assembling  and  installing  a  guy  and  anchor. 
Type  of  guy  .will  be  dependent  upon  its  location  in  the 
pole  line  and  the  material  required.    Installation  will 
•  be  in  accordance  with  the  NAVFAC  DUG  No.  1109831  - 
"Advanced  Base  Standard  Pole  Line,  No.  2  AWG  Conductors, 
2400/4160,^3  Ph,  4  wire. 

TOOLS  &  EQUIPMENT:    Lineman's  clitobing  ge&,  tool  kit,  auger  truck,  shovel, 

temping  bar,  cable  grip,  coffin  hoist,  strand  vise  hook. 

MATERIALS:    Thrbugh-bolts,  guy  attachments,  prefoxmedhguy  grips,  strain 
insulators,  strand  vise,  expanding  type  anchor  and  rod. 

PROCEDURES:    See  attached 

QUESTIONS:    Instructor  prepared  ' 

REFERENCES:    A.    NAVPERS  10636-G,  CE  3  &  2,  Chapter  9 

B.    Lineman's  and  Cableman's  Handbook,  4th  Ed.,  Kurtz,  . 
Mcgraw-Hill  Book  Co. ,  N. Y. ,N. Y. 


4 
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ggg  TJOJO    '  ■  

1.    Digging  In  the  anchor. 


ERLC 


740- 


MOW  TO  DO  IT 


CEA  2.1.5.JS.1 
OT  POINTS 


1. 


For  each  type  of  guy  to  be  Install 
ed,  refer  to  NAVFAC  drawing  No. 
1109831  "Advanced  Base  Standard 
Polellne,  No.  2  AUG  Conductors, 
2400/4160,  3  Ph,  4  Wire",  for 
applicable  measurements  and  guy 
tatlo   Height  .  * 
Lead 

Ideal  Ratio:    For  every  foot  of 
height  there  should 
be  one  foot  of  lead. 


lb. 


Locate  hole  by  referlng  to 
drawing  for  direction  and  2  to  1 
ratio. 

Hole  to  be  dug  on  a'45°  angle  a- 
way  froo  the  pole.-  Auger  truck 
will  be  operated  by  instructor. 


lb.    Depth  of  hole  dependent  upon 
length  of  anchor  rod. 
Example: -5/8"  x  7*.  Eye  of 
anchor  rod  shall  be  approx:  6" 
above  ground.    Depth  of  hole 
6'6". 


(2  of  8) 
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9 

2.   Install   "Malleable  guy 
•  attachment"  on  pole. 


ERIC 
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MOW  TO  DO  IT 

lb.  (cont'd) 


CEA  2.1.5.JS.I 
KEY  POINTS 


lc 


2a 


\ 


Install  expanding  type 
anchor  and  back-fill 
anchor  hole,  with  shoveling 
and  tamping  procedures 
used  in  .filling  pole  holes. 

Select  thru- bo It  with 
length  required  for  dia- 
meter of  pole  and  guy 
at  tachment .  Installa- 
tion will  be  in  accordance 
with  the  guying  detail 
in  NAVFAC  DWG  jjf  1109831. 

Lineman- Ins tall  guy  at  tach- 
ment on  pole  9"  beloW  top  , 
crossafm  and,  9"  pelow  2nd 
crossarra.     Use  holes 
drilled  during  framing 
practical .     Number  of  guy 
attachments  dependent,  upo'n 
location  of  guying  and 
guying  detail  description 
outlined  in  NAVFAC  DWG  // 
1109831. 


lc, 


Installation  procedures,  as  per 
classroom  instruction  and  film 
presentation.     Ensure  that 
opening  of  anchor  eye  opening 
is  facing  ground. 


2a. 


Check  guy  detail  for  required- 
hardware  to  secure  guy. 


(3  <•*  8) 
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WAT  TO  BO 


3.    Assemble  "Guy  Assembly"  on 
the  ground.      .  .* 


BOW  TO  DO  IT 


3.  •  Calculate  overall'  length  of  guy 
assembly  using  Pythagoreum  Theorun 

C2  -  A2  +  B2  or  C  -  A2  +  B2 


3a. 


3b. 


3c, 


744 


ERLC 


Use  MCV  measurement  for  length  oi 
guy  wire.    Cut  required  length  arfi 
cut  piece  in  half. 

Install  "Preformed  guy  grip"  on 

the  top  section  of  guy  strand 

in  accordance  with  the  following 
sketch: 


£*p  or  Ow  STRANP 

Long  leg  of  guy  grip  shall  be 
applied  f  i£s t  to  its- entire  . 
length.    Align  cross-over  mark 
"AM  of  short  leg  with  MAM  mark  on 
long  leg.    Complete  installation* 

Install  next  "Preformed  guy  grip91 
on  the  othec  end  of  the  top 
section  of  the  guy  strand  in 
accordance  with  the  following  ' 
sketch:  tt  . 


CEA  2.1.5.JS.1 

:  m  ponrrs 


^3? 


3b. 


3a.    When  length  of  guy  wire  is  cut 
in  half,  location  of  strain 
insulator  is  established  In 
the  middle  of  thf,  guy  assembly. 

Cross-over  marks  "A":  to  be-  used 
as  strand  starting* point  for 
^spall  hardware  and  anchor  rods. 

Cross -over  marks  MBM:  (provided 
only  on  sizes  3/8"  and  smaller) :> 
to  be  used  as  strand  starting 
point  for  insulators  requiring 
a  larger  loop.  '  ' 


3c. 


EHD  or  CO*  Strand 


(4  of  8) 

1 


Ensure  that  "frost  ring"  of 
strain  Insulator  will  be  point- 
ing down  when  installed. 
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CEa  2.1.5.JS.1 


IflMT  TO  DO 


BOW  TO  DO  IT 


KIT  POIKTS 


/ 


Install.  "Automatic  dead-end 
strand  vise"  on  anchor  roc. 


Attach  "Guy  assembly11  to 
pole. 


3c.  (cont'd) 

Apply  long  leg  of  guy  grip  star t> 
ing  at  mark  "B".  Complete 
installation  as  per  3b.,  except 
align  markA"B"  of  short  leg  with 
"BM  of  long  leg. 

3d.    Install  bottom  section  of  guy 
strand  to  strain  insulator  and 
complete  guy  grip  installation 
as  per  3c. 

4.    Disassemble  strand-vise  by  removing 
body  from  yoke,  and  separate  yoke 


from  bail: 


Yoke 


BAIL 


Insert  bail  into  eye  of  anchor 
rod  and  reassemble  strand  vise. 

Lineman  •  ascend  pole  and  belt 
off  close  to  guy  attachment. 
Receive  guy  assembly  via  hand line. 

.  Grasp  guy  assembly  with  both 
hands  apprcx  4  to  6"  below  the 
preformed  eye  and  inform  the 
grunt,  to  release  the  grunts 
knot  by  pulling  ob  the  handline. 


5b.    Place  eye  of  guy  grip  over  the 
guy  attachment. 


na. 


5. 


5a. 


3d. 


Have  instructor  check  completed 
guy  assembly  before  proceding  . 
to  next  step .  . 


4a. 


5. 


final  assembly  should, have  keeper 
90°  frow  bail. 

Grunt:  Use  "Grunts"  knot  in  eye 
of  top  preformed  guy  grip. 


9 
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WHAT  TO  BO 


HOW  TO  DO  IT 


CEA  2.1.5.JS.1 

or  poms 


¥3/ 


6.    Attach  "G«y  assembly"  to 
anchor  rod. 


V  - 


5c.    Descend  pole. 


6.    Insert  "Guy  Strand"  through  body 
of  "Strand  vise"  In  accordance 
with  the  following  sketch:  .  ft 


Guy  $rcfv**o 


Amcuoc  Rod 


6a.    Attach  "wire  grip"  (with  eye 

down)  approx.  4  feet  from  strand 
vise* 

6b.    Insert  top  hook  of  coffin  hoist 
into  eye  of  wire  grip* 


V  (6  of  8) 


Sc.    Grunt  -  keep  guy  assembly  away 
from  pole  while  lineman  descends 
pole* 

6.    Remove  slack  from  guy  strand  by 
holding  strand  vise  with  one  hand 
and  pull  on  guy  strand, with  other 
hand*    Ensure  that  strand  is 
straight  (free  of  curve  due  to 
strand  feel)  and  end  unf rayed. 


5b*    Ensure  that  free  chain  wlfjh 
bottom  hook  is  extended  to 
within  4*6  inches  of  maximum. 


A 
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WHAT  TO  DO 


7.       Tensioning  guy  assembly. 

\ 


w 


HOW  TO 


i. 


IT 


\ 


6c.    Insert  bottom  of  hook,  of  coffin 

hoist  to  eye  of  strand  vise  pulliijg 
hook  in  accordance  with  sketch: 


7*    Operate  handle  assembly  of  coffin 
hoist ^through  its^  maximum  up  and 
down,  travel*  \ 

7a.    Observer  positioned  90  from 
guy  assembly  axis,  and  approx* 
30  feet  from. pole,  will  inform 
doffin  hoist  operator  when  the 
top  of  pole  is  pulled  4  to  6" 
from  dead  center* 

7b,    Place1  coffin  hoist  control  lever 
in  the  "down"  position,  operate 
handle  as  per  #7,  remove  coffin 
hoist  and  pulling  hook  when 
adequate  slack  is  in  the  chain. 


KEY  POINTS 


6c. 


7. 


Remove  slack  from  coffin  hoist 
chain. 


Assistant  to  coffin  hoist  "operatorfe 
will  guide  guy  strand  into  strand 
vise  as  tensioning  is  performed. 


\   »  ■ .  • 

7b.    Place  coffin  hoist  where  sand 
or  dirt  will  not  enter  working 
parts. 


CEA  2.1.S.JS.1 


WAT  TO  BO 

8.    Remove  excess  guy  strand 


■fERJC 


■ 


8.  Cut  end  of  guy  strand  with  bolt 
cutters  to  within  1  to  3  inches 
of  strand  vise  body. 


-(8  of  8) 


8.    Guy  installation  shall  be  within 
the  following  tolerances: 

a.    Eyfe  of  anchor  rod:  6  to  12 
inches  above  ground. 


b.    Ends  of  guy  strand  shall  be  I 
within  the  limits  of  appropriate 
cross-over  marks. 


LtMtTS  1 

c.    Strain  Insulator: 

Frost | ring- towards  ground.  . 
Min.  clearances: 

Horizontal  -  from  face  of 
pole  -  6.  feet.  - 
-u 

Vertical  *  from  flnlshrd 
grade-  8  feet.  f 

1  ; 

End, of  strand: 

1  to  3  Inches  past  strand  vise 
bod^. . 
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NA"\i.  CONSTRUCT  I.ON  TRAINING  ^KVBEA 
PORT*!JU£«EME,  CALIFORNIA  930£3 
CONSTRUCTION  ELECTRICIAN  "A"  SCHOOL  TRAINING  COURSE  A-/21-0018 

JOB  SHEET  ' 

»  *  \ 

TITLE:    Stringing  Primary  Line  Conductors  \ 

INTRODUCTION:  This  job  sheet  will  guide  you  in  the  proper  procedures 
for  installing/ the  primary  line  conductors.  \ 


REFERENCES:  f  \  >  \\ 

1.    Construction  Electrician  3  4  2,  NAVPERS  10636-G,  chapter  9, 


\ 


2.    Lineman's  and  Cableman's  Handbook,  4th  edition,  Kurtz,  McGraw-Hil 


Book  Co. ,  New  York,  N.'Y.  K 
TOOLS,  EQUIPMENT  AND  MATERIALS: 
1;    Lineman's  tool  kit.  1 

,2.    Climbing  gear.  *  \ 

1-3.  -Har^hat.  >  *         !  . 

4.  Handline.- 
.5.    Slings.  ■ 

6.  Cable  grips.  ■  \  I 

1  )  A 

7.  Coffin  hoists. 

8.  Otlier  materials-  as  listed"  in  NAVFAC  Drawing  No.  1109831. 


.  PROCEDURES: 
.  1.    Installation  of  primary  conductors. 


a.    Select  uhe  pre-determined  lengths  of  86  AWG  medium  hard-drawn 
solid  copper  conductors  (identified  coils). 


froln 


b.  Lay  out  conductor  coils  by  rolling  alongside  of  poles 
dead-end  poles.    Leave  6  feet^past  both  dead-end  poles. 

(1)"   Conductors  will  be  positioned  on  the  ground  under  related 
insulators  on  the  poles.  \  3 

c.  Lineman:    Ascend  dead-end  pole, with  handline  and  prepare* to 
receive  primary \ conductors » 


-J* 


(1  of  4) 

\ 

.1 


t~4  f~ 
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\ 


.1.6.1 


d.     Groundmdn:  '  Secure  a  wire  grip  jaw  to',  end  of  one  conductor  and 
.     secure  wire  grip  to  snap  .of  handline      Raise  .wire,  grip  and  con- 
l  ducxor  to  lineman.'  \  1 

(1)     Secure  conductor  in  jaw  assembly  of  wire  grip  approximately " 
-.         6  feet  f rorai  end0.     Raise  inside  conductors  first. 

•  ve.  Lineman:  Insert  ' end  of ' H  conductor  into. auto,  dead-end  assembly. 
/-        Pull  in  approximately  6  feet.     Repeat . same- procedures  for  the 

remaining  three  conductors.  .  .* 

f.  «    Lineman:     Descend  dead-end  pole  and  ascend  the*first  pole  in 
,   line   (with  handline).  '  "  •  . 

g.  Groundman:  Place  hook  of  handline  on  one  inside  conductor.  I 
Raise  conductor  to  the  lineman.  iRepeat.with  other-  inside  *\ 
conductor.  \  1 

h.  \  Lineman:     Place  inside  conductors  on  the'  inside  of  the  center 

insulators.  .  * 

.   (1)     Inside  of  insulators-  side  of.  insulators  facing  the  pole. 
'  '  ■  •  i  1 

i.  •  Lirfeman:     Place  remaining  conductors  on  the  inside  on  their 

respective  .insulators. 

j.     Complete  raising"  of  cdnductors  on  the  remaining  in.-line  poles. 

k.     Linemen   (fcfro)  :  Ascend  corner  pole  with  a  handline  and*  prepare 
to  raise  and  secure  primary  conductor  ends.  ' 

\  •        .        \  \  ' 

1.  ,  Groundman:     Secure  a  wire  grip  to  the  end  of"  one  outside  conductor 
and  secure-  other  end  of  wire.,grip  to  the  snap  of.  handline? 

'       <X)'  '"oi  tlliVr'l  V aSSrbly  °fwi"  ir'lP  approximately 
firL  w  ?  rd  °f  conduct«-     ^ise  outside  conductors 

first  before  raising  center  conductor.1,  g 

^kg!  J^ert  endof  each  "conductor  into  aut o ..  dead-end^  assembly 
\ductors.   PP  at6ly  4  feet'     Repeat  Same  P^ocedures'.for  all  con- 

•  ^Sagging  "primary  conductors.         \  |  ^ 

a'     wlt^i'I?8  *8*"K*   tW°   (2)-  4  f°0t  ?Un8s   (3/8'"  branded  steel  cable 
with  a  standard  six     eye  at   each  end)  and  hoist   to  the  lineman? 

'  theeUn^an.(2)  Hf§"  °f-  ^  ,"M  SiZe  ^  <° 

1       1  v' 


\ 


(2  of  4) 
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b.     Lineman;     Secure  slings  as  pe^r  sketch: 


(1)  .  Iniert  hook  of  each"  coffin  hbi.st  .into  eye's  of  slings  and     ,  .* 
\  secure  chain-end  hook  into  cable-grip  attached  to  each  - 
'outside  conductor.  \  \ 

(2)  Operate  handles  of  coffin  hoists  until  correct  sag  is  obtained.  . 

(a)     Sag  wj^ll  be  determined  by  instructor  slighting  from  the  ground 

During  sagging  procedure,  ensure  that  each  conductor  is  guided  (without 
kinking)*  through  the  auto,  dead-end. 

(1)     Conductor  should  be  coming  out  of  the  top  or  botton  of  the 
auto,  dead-end  in  accordance  with .drawing. 

"      '    \  \  o  >  ■  •  . 

After  proper  sag  is  obtained  on  the  outer  conductors,  remove 
one.  set\of  sagging  equipment,  and  install  on  inside  corductors. 

Perform  same  sagging  procedures  as  outlined  in  2b  and  sag  to 

same  configuration  as  the  outside  conductors.  \ 


f .    Remove  equipment \afcer  «^  conductors  have  been  raised  and 
sagged. 


Secure  primary  conductors  to  pin  insulators^    (Make  ties.) 


On  all  in-line  poles,  conductors  will  be  placed  on  top  of  each' 
respective  insulator'. 

*  4 

,  Groundaan:    Select  (for  each  pole)  A  pieces  of  36  incn  long, 
j?6  AWG  soft-drawn,  solid  copper  conductor. 

(1)    Utilize  nose-bag  for  hoirtlng  tie-wires  to  lineman. 


V  • 

\.  \ 


,-(3  of 


.*>  '  •   \  ■'  V 

\     '  \  ' 


\ 


c .    Linemaa :    Fo i  lew'  jknt  cm : 
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"'        -  \ 


\ 
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FO*N  HOC  &.riCK 
•  L<W>   Appro.  A 
Cfl  cNPS  Or  VIE 


i 

^ —  Starting  i=»otNT 


\ 


on 


\ 


Single-pin  type  insulator  tie  for  copper  con< 

~     ^  ~'        \  4  .  T 

.  .  (1)-  Practice  tie  on  classroom  training4 aid  tj4 

overhead  conductor*,  ^ies 

(a)^  Complete  ties  on  all  in-line  poles* 
,  Make  jumber  connections  at  all  corner  poles. 

a.  Groiindman:     Compile  a  list  of  "material  requir. 

.  accordance  with  the  NAVFAC  DWG  #1109831,  "Adv.*  * 

Line".    *  ndard  Pole 

(1)     Ensure  that  the  required  number  of  split-  /  % 

,  and  jumper  wires  are\on  hand  before  linen" 

V  poles.  \  e  corner 

b.  Lineman:      Ascend  corner  pole  and ' complete  theof  • 
primary  conductors  in  afccqrdance  with  the  draw 

■  ■  .  " '  \  \  •  \  ,    ■  '••  ■ 

(1)    Fbrm  the  jumper  wires*  in  a  smooth  and  safe  configuration 
■I  '\  .  between  conductors.    Primary  conductors  shall  be  installed 

and  sagged  with  appropriate  ties  made  on  each  insulator. 
All  work  shall  be  executed  100Z  correct. 


\ 


\ 


.  \ 
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■    \  NAVAL  SCHOOL  CONSTRUCTION 

'  PORT.  HUENEME,  CALIFORNIA    93043  /» 

x  CE"AM  2.1.7  JS  1 
«     CLASS;  3  PRACTICAL;  7 

TITUS;  TRANSFORMERS  AND  PROTECTIVE  EQUIPMENT 

Introduction;  This  job  sheet  will  guide  you  in  the  proper  procedures  to  install 
the  secondary  transformers  and  pr  tective  equipment. 

*  * 

Tools,  and  Equipment;  Lineman's  Tool  Kit?  climbing  gear,  harhat,  handline, 

transformers,  protective  equipment . 

*  .  \   •  «         ■      .  * 

Materials;  As  listed  in  NAVFAC  DWG    No  110983) 

Procedures;  See  attached  procedures 

Questions;  Instructor  prepared 

■\  - '  '     •  r+ 

References;  A.    NAVPERS  10636-G,  CE     h  2,  Chapter  9. ;  .  & 

\  B.    Lineman's  And  Cabieman'a  Handbook,  4th  ED,  Kurtz,  McGraw-Hill 

\  Book  (JO,  N.Y. ,.  N.  Y.  .     .    •  -  " 
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WHAT  TO  DO 


MOW  70  DO  IT 
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KEY  POIHTS 
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1 .  Preparing  for  installing  trans* 
formers . 


751) 


Av 


la.  Lineman  #1 :  ■'" 

.  Ascend  •  transformer  pole  with 
handline  and  prepare 'to  receive 
the  pole  top  gin. 

V 

lb.  Lineman  #2: 

Ascend  pole  and  position  on  oppo; 
slte  ^ide  of  Lineman* #1. 

lc.  Croundmaru 

Attach  pole  to  top  gin  to  headline 
using  a  VGrimts"  knot  somewhere 
near  and  above  the  snap  and  ring. 
Hoist  to  lineman 


\ 


Id.  Lineman  #1 t 

Position  pole  top  gin.. 


le.  Secure  pole  top  gin  in  accordance 
with * instructor's  classroom  dem- 
onstrative \ 

If.  Groundman: 

Select  a  blockand  tackle  assembly 
and  use  handline  to  hoist  gear  to 
Lineman  #1.  \  /    _  \. 

lg.  Lineman  »1:  '/ 
Recieve  hook  of  block  and  insert 
into  eye  of  pole top  gin.  / 


lh*  Groundman:  : 


Position  transformer  directly  be- 
low  block  ^nd  tackle  assembly. 


If.  Ensure  that  one  person  holds  bott 
portion  of  the  block  and  tackle 
while  Groundman  hoists  assembly 
to  Lineman  #1. 


700 


WHAT  TO  00°  

Install  transformers  to 
step  down  three-phase, 
'4-wire;~4160V.  ' 


76- 


CE,,Au  2A.7  JS.l 


BOW  TO  DO  IT 


KEY  POINTS 


2a.  The  following  procedures  ylll 
be  used  for  the  Installation 
of  three  single-phase  trans- 
formers :  ' 

2b.  Groundman:  Attach  tag  line" 
around  main  body  of  trans-, 
former  with  a  timber  hitch. 

2c.   Groundman:     Attach  a  30-inch 
sling   (with  aft  eye  on  each 
end)  to  the  lifting  hooks  on 
the  sides  of  the  transformer, 
insert  hook  of  block  and 
tackle  on  to  sling 

2d. -  Four   (4)  Men:     Two  men  on  the 
tag  line  and  two  on  the  fall 
line  of  the  block  and  tackle 
assembly 

2e.  While  two  men  raise  the  trans 
former  the  handlers  tending 
'the  tag  line  will  ensure  that 
the  transformer  is  kept  away 
from  the  pole 

2f.  Lineman:     With  appropriate 
signals, . indicate  to  the 
groundmen  the  exact  height 
required  for  the  transformer 
to  be  before  placing  on 
cross  arms • 

2g.  Lineman:     After  each  trans- 
former is  placed  in  position; 
remove  tag  line  and  secure 
end  to  eyes  of  sling(while 
still  .secured  to  block  and 
tackle). 


— i— 


2c.: 


2d, 


2f . 


Line  handler  will  take  up  the 
filack  on  the  bloqk  and  tackle 
assembly  as  soon  as  hook  is. 
engaged  in  the  sling  secured 
to  the  transformer* 

'.'Fall  Line"  is  the  hoisting 
line  coming  from  the  top 
block.  \ 


First  two  transformers  will 
be  placed  on  the  outside  of 
the  crossarms*.     Third  trans- 
former will  be  centered  on 
crossarms • 
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CE"A"  2.1.7.  JS.  1 


WHAT  TO  HO 


3.  Install  protective  equipment. 
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HOW  TO  DO  IT 


KET  POIKTS 


2h.  Groundman:    Lower  bottom  block 
by  pulling  on  tag  line* 

21  •  Complete  transformer  installation 
using  procedures  outlined  above 

2j    Lineman  #1&#2:    Lower  block  and 
tackle  with  hand line .  Disassemble 
pole  top  gin  from  pole,  and  also 
lower  with  handline 

3a.  Groundman:   Select  3-fused  cutouts 
and  3 -lighting  arreators,  also 
6-MLM  type  brackets  for;  mounting 
the  protective  devices.  Hoist 
material  to  lineman  with  associat- 
ed hardware  for  mounting  .and  se- 
curing devices 

3b .  Lineman;  Install  brackets  as  per 
sketch: 


21*    Position  transformers  with  equal 
spacing,  on  the  crossarms. 

2j     Transformer  installation  procedur 
shall  be  executed  100%  correct 


3b.  Outer  fused  cutouts  shall  be  In* 
stalled  at  a  slight  angle  in  tovai 
the  pole.  (Required  for  operation 
of  hot  stick  to  open  fused  cutout] 
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;CE"A"  Z.1.7.  JS.  1 


aw  TO  DO  IT 


KEY  POINTS 


(1)  Mount  the  ancestors  first,  then 
reposition  on  pole  to  mount  fused 
cutouts  in  their  respective pos- 
itions .  Ensure  that  all  equipment 
is  tightly  secured  before  descen- 
ding pole. 


(1)  Protective  equipment  installation 
"procedures  shall  be  executed  100% 
" correct . 


(  5  of  5  )• 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 

•  I'OUT  HUnffiiJC,  CALIFORNIA^  _91043    .  • 

•  CEA  JS  2  .1.  8  .1  T 
CLASS:     I    PRACTICAL:    6  , 

TITLE:    STRINGING  SECONDARY  MAINS 

INTRODUCTION:    This-  job  sheet  will  guide  you  In  ,the.  proper  procedures  for 
Ins telling  the  secondary  mains  with  related  hardware  end  materials. 

< 

TOOLS  AND  EQUIPMENT:  Linemen's  tool  kit,  climbing  geer,  herd  het,  seconder; 
distribution  hsrdware 

MATERIALS:    As  listed  in  NAVFAC  Owg.  No.  1109831 
PROCEDURES:    See  etteched  procedures.  . 

QUESTIONS:    Instructor  prepared  * 

REFERENCES:    A.    NAVPERS  10S36-G,  CE  3  &'2,  Chepter  9 

B.    Linemen's  end  Cebleman'a  Hendbook,  4th  Edition,  Kurt*, 
Mc  Graw-Hlll  Book  Co.,  N,  Y. ,  N.  Y. 


(1  of  6) 


ERLC 


OA  JS  2.1.8.1 


WHAT  TO  DO 


BOM  TO  DO  IT 


Kit  fOIWTS 


1.  Install  stcondary  distribution 
system. 


763 


la.  Position  SecSndsy  racks  ss  per 
skstch. 


&*COMt>J*Y 
RACK*  IO>** 


lb  #    Groundcunt    Se  iec  t : 

2-4  Spool  Secondary  racks  with 
•pools 

4  -  Thru-bolts,  length  dependent 
upon  polo  disaster  and  2" 
exposures 

6  -  Curved  washers 
(2  of  «) 


T*AHJM»0*HE* 


lbs    Fpr  rack  Installation  thru-bolt 
holes  shall  be  U/16"  dla.  for  the 
5/8"  diss  bolts. 
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MOW  TO  DO  It 


6  -  Spring  vaster 
6  -  Muta 

4  -  Prc-cut  lengths  of  #2  AUG 
-  insulated  stranded  copper 
conductors f 

2  •  Eye  bolts 

4  -  3/8"  automatic  dead-ending 
devices  for  #2  AUG  triplex 
strained  conductors. 

2  -  Prc-cut  lengths  of  #2  AUG 
triplex  (service  drop). 

1c.  Lineman: ,  Atcchd  trans  former 
pole  with  hajtdlliW  and  prepare  to 
receive  tools  and  materials.  \- 

Id.    LlMMn:   With  brace  and  11/16" 
.bit, drills  First  hole  for  rack^  a 
aln.  of  10"  below  trans  foraers.  Drill 
second  hole  24°  down  fro*  center  of 
top  rack  hole. 

le.    Croundmant    Select  secondary 
rack  and  disassemble  pin  and  Insul- 
ator spools.   Hoist  to  lineman,  the  * 
disas  stab  led  rack  with  two  thru-bolt a 
with  an  equal  member  of  curved  wash- 
era  \  spring  washers  and  mute. 


CEA  JS  2.1.8.1 
Of  POINTS  


Id.'  Position  of  rock- on  trans forasr 
pols  ss  osr  Sketch  Is. 


(5  •«  «) 
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CEA  JS  2.1.8.1 


HOW  TO  DO  IT 


KEY  FOllffS 


lf#    Ltomn:    Place  secondary  rack 
over  tha  two  thru-bolt  holes  and 
align  top  and  bottom  rack  holas  with 
holas  in  pole. 


(2)    Install  thru-bolts  with 
bolt  head  against  rack,  and 
apply  curved  washer,  spring 
washer  and'  nut  on  opposite  endi  - 

Ig.    Croundman:    Hoist  to  lineman 
the  pin  and  four  insulator  spools. 
Ensure  that' pin  is  complete  with  a 
cotter  key. 

lh.    Lineman;   When  installing 
Intuit  tors,  position  pin  In  tfcp%d£e 
and  align  one  insulator  at  a  time  /as 
the  pin  Is  being  Instslled.  Insert 
cotter  key  and  spread  the  ends 
approx.  \IV\  % 

11.    Groundman:    Select  the  A- length • 
of  #2  AWG  stranded  Insulated  copper 
conductors.    Roil  out  each  conductor 
between  the  \wo  secondary  poles. 
Using  the  hand 11ns,  raise  the  conduc- 
tors to  the  lineman,  one  at  a  time. 

1  J.    Lineman:   Secure  flrat  conductor 
to  the  top  spool  (secondary  system 
neutral  conductor)  In  accordance  with 
the  following  sketch  and  the  class- 
room display: 


(4  •£  6) 


If.    When  tightening .nut  apply 
pressure  ontti  spring  washer  Is 
flat,  then  back  off  1/4  of  s  turn 
to  allow  spring  washer  to  expand  snd 
con tr set. 


lh.    Make  sure  that  the  spools  are 
equally  spaced  throughout  the  length 
of*  the  rack. 
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WHAT  TO  PO 


2.    Installation  of  "Service 

Drop11. .        *  _ 


CU  Jt  la.t.l 


HBI  TO  DO  IT 


ggl  FOIWTS 


Ik.    Second  pole:    Install  secondary 
rack  and  complete  the  installation 
of  the  secondary  distribution  system. 

2$.    Grotrndgan:    Select  a  single 
spool  clevis  complete  with  pin, 
insulator,  spring  washer  and  nut. 
Hoist  to  lineman. 

2b.    Lineman:    Mount  the  single 
spool  clevis  assembly  as  per  follow- 
ing sketch: 


Complete  dead-ending  of 
conductors  as  per  sketch 


ining 


(S  of  *) 


lk.    Top  hole  for  secondary  rack  thru- 
bolt  will  be  located  10-1/4"  from. the 
top  of  the  pole. 


COMHSCTOR 
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MOW  tO  DO  IT   . 

2c*    Croundmoat    Select  two  pre- 
meaeured  langtha  of  #2  AUG  stranded, 
Insulated  il«tm  cendnctore  (tri- 
plex)? io4  tvo  automatic  dead-end- 
lug  devices*    Secure  a  device  en: 
aach  neutral  conductor  (approx*  30" 
back  fro*  tod).    Hoist  one  and  of 
aach  service  drop  to  tha  lineman, 
ona  at  a  time* 


2d*  Lineman:  .  Placa  both  wire  balla 
of  dead-ending  devices  on  tba  single 
•pool  Insulator,  and  replace  pin  and 
cottar  key* 

2e*  -  Croundnant 6  Placa  a  dead-ending 
davlca  on  aach  service  drop  approx* 
12"  from  and  on  ntutral  conductor ♦ 

2f*    Lineman;    Using  a  tag  Una, 
hoist  and  of  trip  lax  with  automatic 
dead-end  davlca  and  sacura  to  a 
single-spool  assembly  mounted  on 
angle  Iron*    Sag  cable  accordingly 
by  pulling  slack  thru  the  dead-end 
device*    Repeat  procedure  at  other 
service  drop* 

2g*    Lineman*    Complete  service  drop 
Installation  by  splicing  the  neutral 
and  phase  conductor a  with  rplit-bolt 
connectors*    Tape  each phage  spilca 
and  leave  the  neutral  untapped* 


^/^^cu  js  aa*t*i 


OT  POUTS 


g#    All  secondary  distribution 
Installation  procedures  shall  be 
executed  100%  correct* 
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NAML  SCHOOLS,  CONSTRUCTION  

PORT  HUENEl-E,  CALIFORNIA  93043 
CEA  ?.1.9.JS.l 
CLASP:    I  .PRAC1 :  4 
TITLE:    TRANSFOWER  CONNECTIONS 

INTRODUCTION:    Thl»  job  sheet  will  guide  you  in  *aking  the  proper  connections 
between  the"  bank  of  threap  single-phase  transformers,  and  the  primary  and 
secondary  distribution  systems. 

TOOLS  AND  EQUIPMENT:    Lineman's  cool  kit,  clinLtng  gear,  hardhat. 
MATERIALS:    Juaper  wires,  split-bolt  connectors 
PROCEDURES:    See  attached.  . 
QUESTIONS:    Instructor  prepsred 

REFERENCES:    A.    CE  3  &  2, .  MVPERS  10436-G,-  Chapter  9 

B.    Lineman's  and  Cableman's  Handbook, .  4th  Edition,  Kurta, 
He  Grev-Hlll  Book  Co.,  New  York,  N.  Y. 

  C.    U.  S.  Department  oi  Cotmerct,  National  Bureau  of  Standards, 

"Safety  Rulea  for  the  Installation  and  Maintenance  of  

•  Electric  Supply  and  Communication  Lines";  ^ 
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CEA  2.1.9.JS.1 

—                            uitf       im  j                               HOW  TO  DO  IT                                             OT  POIKTS 

1*    Make  priory  distribution 
jumper  connections  at  step- 
down  trans for war  pole. 

%  *  * 

0 

^  * 

la.    Lineman:    Aacend  transformer 
pole  and  connect  exlating  61  ends  of 
each  phase  conductor  to  the  associated 
lightning  arresters,  fused  cutout a 
and  transformers  In  accordance  with 
the  attached  drawing  titled  "Light- 
ning Arresters/  Fuse  Cutouts,  and 
Transformer  Connect  lone11.   • 

lb.    Groundman:    Select  a  10- foot 
length  of  #6  AWC  solid,  hard-drawn,  * 
copper  conductor  and  hoist  to  line- 
nan. 

lc*    Lineman:    Connect  llahtninx ; 
arreatera  to  exlating  grounding  con- 
ductor on  pole  aa  per  drawing  titled * 
"Primary  and  Secondary  Distribution 
Jumper  Connections11* 

Id.    Groundman:    Select  two  four- 
foot  pieces  of  #6  AWC  eolid  hard- 
drawn  bare  copper  conductors  and 
hoi  at  to  lineman. 

\ 

• 

•  .f 

t 

;  ERIC 

le.    Lineman:    Connect  6#  tall  of 
overhead  primary  neutral  conductor 
to  the  ground  wire  connecting  light- 
ning, arreatera.    Connection  ahall  be 
made  with  a  split-bolt  connector. 
Secure  end  of  Conductor  to  the  nearest 
H|  Vushtng.^ 

\  If.   Complete. neutral  connection 
!  using  the  two  four- foot  plecee  of  #6 
:  copper  between  the  three  Hi  bushings. 

(2  of  4) 

Id.   Ensure  that  bare  high  voltage' 
conductors  maintain  the  following 
clearances: 

3"  -  Wooden  crosaarme  and  poles 

6"  -  Metallic  equipment  and  hardware 

1 

1  .  780. 
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CEA  2.1...  JS.l  - 


tmAT  TO  PO 


HOW  TOjjO  IT 


KEY  FOIKfS 


.^7 


2#  Make  secondary  distribution 
jumper  connections. 


2e.    Crgggdggm:    Select  two  four*  foot 
pieces  of  #2  AWG,  strsndsd  Insulated, 
copper  conductors  and  hoist  to  line- 


in. 


2b.    Llnenan;    Install  the  two  four- 
foot  pieces  of  j wiper  wlrea  between 
the  X2  secondary  buahlnga  aa  per 
attached  drawing* 

2c.    Completion  of  secondary  hook-up 
shall-He  In  accordance  with  the  draw- 
ing titled  "Primary  and  Secondary 
Distribution  Jumper  Connections91. 


2c.    Measurements  for  jumpers  shall 
be  msde  to  ensure  proper  length  for 
connections  and  required  clearances* 
All  procedures  shall  be  executed  — 
100%  correct. 


(3  of  4) 
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NAVAL  SCHOOLS  CONSTRUCTION 
PORT  HUKKRMR,  CALIF  «»3G«3 
CE"AM  2.1.10oJS.l 


'4 


TITLE:  Pole  Top  Rescue 


INTRODUCTION:  This  job  sheet  will  guide  you  in  the  procedures  for  performance 
(    pole  top  rescue, of  an  injured  .lineman  under  simulated  conditions. 

TOOLS  AND  EQUIPMENT. 

A*  Climbing  gear  , 

* 

B.  Hard  hat  -  % 

C.  Handllne 

D.  Harness  vith  life -Line 

E.  Blanket 

PROCEDURES:    See  attached 
QUESTIONS:     Instructor  Prepared 
REFERENCE: 

A.  CB  3.6.  2  NAVPERS  10636>C,  Chapter  9. 

B.  Lineman's  and  Cableman's  Nandbook  4th  edition,  Kurtz,  Section  49.  pp. 
49-1  through  49-16.  ,  '  PP 


CEMA"  2.1.10.  JS.l 


uyT  rc  dp 


HOT  TOiDO  IT 


KEY  POINTS 


Perform  pole  top*  rescue  of  an 
injured  lineoan. 


*la.  Rescuer  #1  Make  a  quick  survey  of 
the  victims  accident  situation  and 
ensure  that  a  rescue  can  be  safely 
accomplished  within. a  short  period 
of  time. 


(1) 


If  victim  is  in  contact  with  ai 
overhead  conductor,  use  the 
proper  non-conducting  material 
to  clear' him  from  electrical 
contact.  " 


(2)  Assume  a  position  on  the  pole 
next  to  the  victim  so  that  you 
can  swing  his  body  over  your 
safety  strap 

(3)  The  victims;  head  should  be 
tilted  into  maximum  extension 
by  pressing  upward  on  jaw  with 

-one  hand  and  push  the  crown 
of  the  head  back  with  the  othex 
hand; 

(4)  Take  a  deep  bteath  and  seal 
your  mouth  across  the  victims 
mouth  and  breathe  air  into  his 
lungs. 

(5)  When  victims  chest  expands  re- 
move your  mouth  and  listen  for 
escaping  air 


la. 


Pole  top  situation   Rescuer  *!  will 
be  working  with  intended  victim  on 
the  pole  at  the  time  of  the  simulat 
accident. 

(1)  Speed  is  very  important  but  the 
rescuer  shall  take  all  precauti 
for  his  own  safety 

(2)  Victim's  body  shall  be  position 
f ace  up^  on  the  safety  /strap  ; 

(3)  Cheek  should  seal  the  victims 
nostrils  '&t  not,  close  nostiils 
by  squeezing  nose  with  hand. 

(4)  If  stomach  bulges,*  press  gently 
to  remove  excess  air* 


(6)  Continue  rescue  breathiAg  at 
the  rate  of  12  to  15  breaths 
per  minute. 


JKW  TO  DO  IT 


2a.  Reseller  #2  After  victim  is  pos- 
itioned across  rescuer  #l's  safety 
strap,  proceed  to  climb  to  a  posit- 
ion directly  under  the  victim  in  or 
,   der  to  apply  "External  Heart  Resus~ 
citation". 

(1)  Position  your  arms  around  the 
upper  chest  of  the  victim,  and 
locate  the  lover. half  of  the 
breast  bone  Just  below  it  Veen 
ter, 

(2)  Place  both  hands  on  this  pos- 
ition  with  thumb  end  of  clenc- 

'    hed  fist  against  breat  bone, 
and  other  hand  applying  pressure 
over  clenched  fist* 

(3)  Exert  pressure  inward  approx.  2 
*ight  timer. 

3a.  Rescuer  »1  After  each  period  of  5 
pressure  strokes,  apply. 2-rescue 
breaths.  -  | 

4a.  Continue  these  resuscitation  cyfcl 
until  the  victim  is  revived. 


CE"A"  2.1.10.JS.  1 


OT  POIKTS 


2a.  This  procedure  should  be  applied 
when  there  is  absence  of  a  he*rt 
beat  or  pulse.  *' 


5a.  Rescuer  #1  When  victim  is  revived 
.  and  breathing  on  his  own,  prepare 
lower  him. 


t< 


5a. 


If  rescue  harness  is  not  available, 
the  hand line  should  be  used  by  pass* 
ing  snap  hook  through  both  "IT  ring: 
and  snap  onto  first  *tf*  ring  passed 
through. 
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CEwAl#*^7l7t0rJST  1 


WAT  TO  DO 


HOW  TO  DO  IT 


KEY  POINTS 


(1)  Signal  to  groundman.  to  hoist 
the  rescue  tackle  and  harness. 

(2)  After  receiving  harness  (with 
life-line  attached)  throw  over 
crcssarm  and  place  harness  on 
victim. 

5a.   Rescuer  i?  .Remove  tool  belt  t£  using 
rescue  harness  after  ensuring  that 
all  straps ^pn  the  harness  are  se- 
cured properly 

7a.   Rescuer  #1.  Swing  victim  into  a  saffc 
position  for  lowering  to  the  ground 

(1)  Sign*?  to  ground  crew  to  begin 
lowering. 

** 

(2)  Ground  crew  will  lower  victim 
slowly  and  gently  using  the 

'  hand -over -hand  method  on  the 
life-line* 

(3)  Life-line  is  guided  by  rescuers 
#1  &  #2  to  maintain  victims   ' . 
descent  to  ground  in  a  safe  man 

(A)  Plac*  Victim  on  a  blanket  and 
cover  him  after  releasing  har- 
ness* 


(1)  After-harness  Is  placed  on  the 
victim,  the  ground  crew"  (3  men) 
will  take  a  strain  on  the  life- 
line to  relieve  the  weight  on 
rescuer  #l's  safety  strap.  Grow 
crew  will  strictly  adhere  to  th« 
commands  from  rescuers  #1  &  #2. 


7a.  Rescuer  #2  will  assist  in  position 
victim  for  lowering  to  the  ground. 

(1)  Ensure  that  hand line  will  not 
slip  off  the  crossarm.  Pin  in- 
sulator shall  be  installed  tier 
end  of  crossarm.  - 


(4)  All  steps  of  procedure  shall  be 
executed  100%  correct. 
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NAVAL  SCHOCI.S,  CONSTRUCTION  *  r  f  * 

?       PORT  HUENDC,  CALIFORNIA  93043 
CEA  2.1.U.JS.1 
CLASS:    3   PRACTICAL^  7 

TITL1:    POWER  PLANTS 

>  * 

INTRODUCTION:    Thia  job  sheet  will  guide  you  lb  th«  procedure*  for  executing 
preetert  check*,  operating  generetori  singly  or  in  perellel,  eppiying  end 
equalising  loed  between  generetori. 

EQUIPWNT:   Generetori  -  3  -  15  W,  4  -  100  KW,  I  -  150  KW,  end  1  -  200  KW 
PROCEDURES:    See  attached 
QUESTIONS:    Instructor  prepared, 
REFERENCE: 

A*    NAVPERS  10S36-G,  CE  3  &  2,  Chapter  3 


(1  of  6) 


WHAT  TO  DO 


1.    Prestart  check  of  generators, 
— prime  movers  and  equipment  (two  - 
15  KW  units) . 


2.    Starting  primer  mover. 
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HOW  TO  DO  IT 


CSA  2.1.11.JS.1 
 KEY  POINTS 


la..  Fuel  Tanks  -  Verify  that  fuel . 
tanks  are  full  by  _xeading_.leMelr_on._ 
fuel  tank  dip  stick,  or  fuel  gauge. 

lb.    Crankcase  Oil  -  Check  by" 
reading  level  on  dip  stick. 

lc.    Radiator  -  Check  water  level 
and  add  if  required. 

Id.    Batteries  -  Check  liquid 
level  and  add  distilled  water' if 
required.  -  : 

le.  Generator  Circuit  Breaker  .(Lo- 
cated on  each  generator)  •  '  Place  in 
the  "Off  or  th^."OpenM  position. 


If.    Voltage  Regulator  Switch  - 
Place  switch  in  the  Manual  position 
and  rotate  field  control  knob  to 
the  maximum  Decrease  position. 


2a    Locate  speed,  control  and 
position  half-way  to  its  maximum 
and  minimum  position, 


?b.    Locate  engine-start-switch 
and  depress  to  activate  the 
battery-operated  starting  motor. 


la.    Check  for  type  of 
-fuel — (gas  or  diesel) — re**, 
quired  if  level  is  low. 


.lb. .  Carefully  follow 
manufacturer's  procedures 
for  properly  checking  oil 
level. 


Id.    Use  extreme  care  when 
adding  distilled  water  to 
batteries .    DO  NOT  OVERFILL 

»  J*  .  > 

le.    Ensure  that  the  circuit 
breaker  located  in  the 
switchboard  is  also  in  the 
"Open"  position.  Check 
small  viewing  window  for 
breaker  position. 
If.    Prestart  checks 
shall  be  executed  100% 
correct. 


2a    Ensure  that  the  stop- 
control  handle  is  pushed  in 
all  the  way* 
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WAT  TO  DO 


3.     Apply  resistor  load  to 
generator   (for  single 
operation).  * 
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HOW  TO  00  IT 


kit  foiirrs 


(1)    Immediately  after  the 

engine  fires,  (operates  on 
Its  ovn  power) ,  check  the 
•lubricating  oil  pressure 
gtga". 


2c.     Adjust  speed  control  or  fre- 


quency control  vernier  knob  until 
the.  frequency  registers  60  Hertz. 

2d.     Adjust  voltage  regulator 
rheostat  knob  until  the  A.C. 
voltmeter  indicates  208  volts. 


2e.     Recheck  all  meters  forf  Cor- 
rect frequency, .  voltage^„  o^JL 
pressure  ,  water  t emperatur^and 
battery  charging  ammeter. 

2f.     When  all  systems  appear 
normal ,   place  voltage  regulator 
in~f he^autbmatic  positron  arid  ad- 
just voltage  to  208  volts. 


3a.     Check  main  breaker  on  the 
load  bank.  *  (Place  in  the  Off 
position) .   
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(1)    If  it  does  not  Indicate 
oil  pressure  within  W 
seconds  efter  the  saglne 
fires,  stop  the  engine  at' 
once  by  pulling  the  stop  - 
control  handle  out,  ell  the 
way. 


2d.     On  most  generators ,   the  out- 
put voltage  is  derived  from  a  3-  . 
phase,  4-wire  wye  configuration, 
•phase-toTphase   (208  volts),  and 
phade-to-ground  (120- volts). 


2f .  Starting  procedures  shall  be 
performed  —1-00  Z-co  r-rect^^  

IC  -  Note:    Prime  movers  should  be 
up  to  operating  temperature  before 
applying  load.    Cold  application  of 
load  can  cause  damage  to  both  gen- 
erator  and  prime  mover. 

3a.    tf  this  breaker  la  In  the  On 
position  when  the  switchboard  circuit 
breaker  la  place  In  the  On  position, 
the  Gen.  C.B.  will  trip. 


\ 
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.  HOW  TO  DO  IT 


KEY  POINTS 


3b.    Place  the  generator  circuit  breaker 
to  the  On  position'  or  Closed  position. 

3c.  Place  the  switchbosffcP  circuit  breaker 
to  the  On  or  Closed  position* 

Note:    The  load  bank  cooling  fan  warning 
-signal  will  operate  for  approximately 
2  seconds. 

3e.    Place  the  load-bank  main  circuit 
breaker  in  the  H0n"  position  and  check 
voltage  on  load  bank  voltmeter  and 
frequency  meter. 

3f .    Apply  small  load  of  7  KW  to  warm 
the,  generator  and  activate  the  governor 
and  voltage  regulator.    Check  and 
Readjust  both  volts  and  Hertz,  if  required, 

3g.    Apply  additional  load  of  10  KW  for 
a  total  of  17  KW  -  a  2  KW  overload*  Check 
readings.  w 

3h.    Reduce  load  by  disconnecting  7KW, 
and  prepare  second  generator  for  parallel 
operation. 

3i.    Check  volts  and  amps"  across" 
phases  by  turning  the  appropriate 
selector  switches. 


3d.    Place  the  switchboard 
buss-tie  breaker  in  the  On  or 
Closed  position  by  pressing  the 
Closed  button.  (Black  button) 


3f .  The  7  KW  resistor  load 
will  indicate  approximately 
33.6  amps  (run  at  this  load 
for  approx.  5  min.) 

3g.    Check  for  proper  voltage 
regulator  and  governor  operation. 
(Run  at  overload  for  approx. 
2-5  min.-) 

3h.    Second  15  KW  unit  should 
be  up  to  operating  temperature 
and  ready  for  parallel  operation. 

-.JU^^olts  and  'amps  readings 
should  be^Elre-same-^acxoss  all 
phases*. 
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MB  TO  BO  IT 


4.  Parallel  operation  (for  2 
IS  KW  u*U«) 


5.    Secoriag  parallel  operation. 
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3J.   Check  water  cooling  and  lube 
611.  pressure  ou  both  unite. 

4a.   Piece  generetor  main  breaker 
to  a*  Posit loo  on  No.  2  unit* 

4b.    Piece  the  synchronising  leap 
switch  (on  the  power  unit  to  be 
paralleled)  in  the  position. 

4c.   Turn  the  vernier  knob  on  #2 
unltf  until  both  unite  ere  operating 
et  approximately  the  same  frequency. 
The  sync,  leaps  will  glow  and  go  out 
at  a  Wry  slow  rate. 

44.    Stand  by  the  switchboard  breaker 
(for  the  generetor  to  be  paralleled) 
end  wait  «ntil  leaps  go  out.  At 
that  moment,  place  breaker  in  the 
On  position. 

4e.   Adjust  vernier  knob  (on  Ho.  2 
unit)  to  increase  apeed  to  share  1/2 
of  the  10  XH  load.   Check  Herts, 
volts  and  saps  on  the  two  units, 
end  eneare  that  the* load  ie  equally 
distributed. 

5a.   On  #2  unit  disconnect  switch- 
board circuit  breaker,  disconnect 
generator  circuit  breaker,  piece 
voltage  regulator  switch  to  the 
aaaaal  position,  decrease  voltage 
to  0f  slow  engine  (with  vernier)  to 
idle  speed,  pull  engine  stop  knob  sll 
the  wayvout,  after  engine  stops,  push 
knob  all  the  way  In. 

u      iS  of  6)  \ 


CBA  2.1. 

or  foihts 


4a.    This  will  connect  2nd  unit 

to  as in  buss  for  parallel  operation! 


4c .  When  equal  ipeed  is  obtained,  the 
matching  frequencies  will  be. Indies* 
ted  by  the  slow  change  in  the  brll- 
lance  of  the  aynchronising  lamps. 


8.00 
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hit  to  WO 


BOU  TO  DO  IT 


or  poiwts 


5b#  Disconnect  10  KH  load  and  main 
circuit  breaker  on  the  load  bank# 


5c#    Open  the  bues-tle  breaker  (red 
button) 

5d.    Piase  the  switchboard  circuit  . 
breaker  in  the  Off  position, 

5e,  Place  the  generator  main  breaker 
In  the  Off  pos It ton . 

5f.  Place  voltage  regulator  avltch 
to  the  wanual  position  and  decrease 
voltage  to  0#  ; 

5g#    Slow  engine  (with  vernier)  to 
Idle  speed f  pull  engine  atop  knob  all 
the  way  out.    After  engine  stops, 
return  knob  to  normal  start  position. 
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5g.    Single  and  parallel  resistor 
load  operation  and  securing  procedures 
shall  be  executed  100%  correct. 

10  Note:    Before  securing  either 
unit  (after  students  have  completed 
their  practical  performance)  allow 
for  cooling  tine  to  lower  tempera* 
tures,  epptox.  15-20  ylnutes. 
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NAVAL  SCHOOL,  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  930/.3 
CEA  2.1.12.JS.I 
CLASS:    1    PRACTICAL:  2 

^TITLE:    SYSTEMS  TESTING 

INTRODUCTION:    This  job  sheet  will  guide  you  in  the  proper  procedures  in 
testing  and  recording  ground  resistance,  voltage  and  anperage  using  a 
vibroground  tester,  multimeter  (Simp ton  260)  and  a  Snap*on  ammeter-voltmeter. 

TOOLS  AND  EQUIPMENT:  Lineman's  climbing  gear  and  tool  kit,  vibroground  test 
meter,  Simpson  260  (Multimeter),  Snap-On  ammeter-voltmeter. 

MATERIALS:  None 

PROCEDURES:    See  attached. 

/QUESTIONS:    Instructor  Prepared' 

REFERENCE: 

A.    CE  3  &  2,  NAVPERS  10636-G,  Chapter  4 


3.  /.».| 


4b 
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CEA  2.1.12.JS.1 


fcflyg  TO  DO 


1.    Check  primary,  secondary  and 
service  grounds  (before  energis- 
ing system)  using  vibroground  teat 
equipment. 


HOW  TO  00  IT 


le^  Locate  primary  step-up  trans- 
former bank-driven  ground  rod. 

lb.  Set  up  the  two  reference  grounds 
as  per  sketch: 


TitAN&retHCft 


h 

as* 

H  104*  

(1)    Use  MmhIs  banner  to 

1  drive  reference  grounds.    Leave  approx. 


1-1/2"  of  top  of  each  rod  exposed 
above  ground. 


804  " 
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KEY  POINTS 


CEA  2f1.12.JS.l 


HOW  TO  DO  IT 


OT  POIOTS 


ic.  Attach  jumper  wire 6  and  make 
connections  as  per  sketch. lb. 


Id.    Set  "Range  Selector11  on  vibro- 
ground  test  set  to  the  multiply  by 
10  scale. 


Id.    Vibrog round  test' set: 


(1)    Ground' connections  - 


Terminal  X  is  always  connected  to  the 
ground  rod  to  be  tested.  Terminals  1 
and  2  are  reference  grounds. 

(2)  Balance  meter'  *  Shows 
balance  point  for  taking  readings. 
Arrows  indicate  direction  to  turn 
potentiometer. 

(3)  Balancing  potentiometer  - 
Gives  true  ground  resistance  reading 
to  0.1  OHMS  timet  range  multiplier. 
When  knob  is  turned  to  obtain  a  bal- 
anced needle. 

(4)  Range  selector  -  Multiply  by 
1-10-100-1000. 

Example:    Balancing  potentiometer 
reads  1.8. 

Range  selector  is  on  10 

Solution  1.8  X  10  «  18  OHMS 

(5)  Operating  lever  switch  - 
Pressed  upward ,  it  energises  instru- 
ment at  red teed  sensitivity,  pvsssed 
downward /gives  maximum  sensitivity 
for  finaL  adjustment  of  balancing  . 
poteniometer.    Spring  return  protects 
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Hdl  TO  no  IT 


KEY  POIKTS 


le.  Operate  "lever  switch"  to  up  or* 
Adj.  position.  ■ 

If.  Set  '•balancing'  potentiometer"  to 
a  point  where  needle  is  in  the  center 
position. 

lg.  Plac_e  "operating  lever  swU  a" 
into  Read  position  and  readjust  po- 
tentiometer if  required. 


instrument  against  accidentally 
left  on  between  measuretmm ts .  ' 


If.    Arrows. on  dial  will  show  th 
direction  to  move  the  knob  when 
required. 


lh.    Multiply  reading  by  10  and  notify 
instructor  if  resistance  is  more  than 
3  OHMS. 


li.    Perform  ground  checks  on  secondar 
transformer  pole  and  dwelling  service. 
Follow  steps  of  procedure  outlined  in 
Items  la  through  lh. 


lh.    Grounding  requirement  for  sub- 
stations and  switching  stations  on. 
primary  systems  shall  not  exceed  3^ 
OHMS.  ~  , 

li.  Adhere  to  safety  requirements 
when  working  with  vlbroground  test 
.equipment: 

(1)  Do  not  drop  test  set. 

(2)  •  Do  not  operate  "Operating 
Lever  $witchM  for  extended  periods  of 
tiaie. 

(3)  Do  not  drive  reference 
ground  rods  to  any  more  or  less  than 
1-1/2"  out  of  the  ground. 


(4)   Do  not  exceed  10 1  6"  between 


:  rods. 
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WBAI  to  go_ 


2.    Energize  power  plant. 


3.  Check  voltage  at  dwelling  dis- 
tribution  panels:  Phase- to-Phase 
and  Phase- to-Ground. 


4.    Check  amperage-  at  the  secon- 
day*  distribution  maim,  service 
drops  and  individual  dwelling 
circuits. 


HUH  TO  IK)  IT 


CEA  2.1.12.JS-1 

kw  fovm 


2*}    Follow  procedures  outlined  in 
Topic  2.1.11,  Job  Sheet  CEA  2.1.11. 
JS.l,  "Power  Plants". 

3a. .  Select  a  multimeter  and  set  the 
following  range:    0*250  volts. 


3b.    Secure  multimeter  in  a  position 
above  the  distribution  panel. 

3c.    If  the  approximate  voltage  of 
the  circuit  to  be  tested  is  unknown, 
start  with  the  highest  voltage  range. 

3d.  Make  the  following  voltage  checks 
and  record  the  readings: 

(1)     .With  test  leads  across  the 
two  incoming  hot  leads,  r  Read  and 
record  voltage. 

(2)  With  test  leads  across  each 
hot  lead  and  ground,  fit  cad  each  vol* 
tage  and  record. 

3e.    Return  multimeter  to  tool  room. 

4a.    Select,  a  clamp-on  type  ammeter- 
voltmeter. 

4b.   Don  climbing  gear 'and  ascend  the 
'secondary  distribution,  transformer 
pole. 

t 
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3a.  On  secondary  distribution  you 
will  be  reading  voltages  less  than 
250  volts. 

3b.  Eye  height  for  easy  viewing  amd 
to  ensure  against  dropping. 


3c.  The  1000V  scale.  If  reading  is 
approx.  240V.  Move  selector  to  2S0V 
scale. 


\ 


t 

4a.    Amprobe  scales  as  follows: 
Ammeter  -  0  to  6-15-40-100-300 
Voltmeter  -  0  to  150-300-600, 


811 
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HCW  TO  DO  IT 


BET  POINTS 


4c.  Assuae  a  working  position  between 
the  4-spool  secondary  rack  and  .the " 

single-spool  clevis  assembly/ 

m       -    '  ' 

4d.    Check  each  phase  conductor  and 
neutral  on  the  secondary  distribution 
systea. 


4e.  Inform  a  recorder  on  the  ground 
of  MMter  reading  on  each  hot  phase 
and  neutral.  — 

4f.    Check  each  service  drop  for 
snperagt  reading  at  the  drip  loops. 

(1)    Infom  "recorder  of  anneter 
readings  on  West-  and  Bast  service 
drops.  - 


4g.   Descend  transformer  pole -and 
prepare  to  take  readings  at  the 
interior  distribution  panels; 

4h.  Place  the  sain  disconnect  in  the 
■W  position. 

41.    Position  each  branch  circuit 
conductor  with  a  loop  for  accessible* 
operation  of  the  clanp-on  aoneter. 

4j.  .  Place  the  main  disconnect  in  the 
On  position. 

4k.    Check  each  branch  circuit  and 
Record  meter  readings/ 
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4d.    Set  neter  on  the  0-100  ameter 
scale  before  using.    If  reading  Is 
less  than  40  nove  t<t  0*40  scale  •  If 
less  than  15,  wove  to  0-15. 


ft--      -  < 


41.  Start  with  either  West  or  East 
panel; 


41.  Repeat  same  procedures  with 
remaining  panel. 


4it;  Add  saneter  loads  of  individual 
branch  circuits  and  conpare  with  the 
load  readings  on  the  main  secondary 
distribution  conductors. 

Am.  All  circuit  checking  procedures 
shall  be  executed  100%'  correct. 
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;  ••    »   ■  NAVAL  SCHOOLS,  CONSTRUCTION 

:     .  K.s  FORT  HUENEME,  CALIFORNIA  93043 

^  CEA  2.1.13.JS.1 

CLASS:    1       FRACT:  11 

TITLE:    DISASSEMBLE  POLE  LINE 

INTRODUCTION:    This  job  sheet  will  guide  you  in  the  proper  procedures 
required  to  disassemble  a  pole  line,  and  store  all  the  equipment  and 
hardware.  ,  f 

-       ■  '  •  "  \ 

TOOLS  AND  EQUIPMENT:    Lineman's  tool  kit,  climbing  gear,  hard  hat,  handline, 
tag  line,  wire  grips,  pole-top  gin}  block  and  tackle 

MATERIALS:  None 

PROCEDURES:  .See  attached  procedures 
QUESTIONS:    Instructor  Prepared 
REFERENCES:  None 
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V7/ 


WBAT-  TO  DO 


BOB  TO  DO  IT 


or  poiwrs 


1.  Remove  primacy  conductors 
from  fused  cutouts  at  platform- 
mounted  transformer  bank. 

•  ■    t  : 

2.  Disconnect  and  remove  primary 
and  secondary  jumper  wires  at  the 
secondary  distribution  trans forme 
pole. 


^  3.     Rerooye  Service  drops,  secon- 
r'^dary  mains  and  associated  hard- 
.  "ware. 


9 
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la*    Lineman:    Ascend  platform  assembly 
and  assume  a  position  to  disconnect 
primary  conductors  from  bottom  termi- 
nals of  fused  .cutouts* 

2a. .  Lineman;  Ascend  transformer  pole 
with  hand line  secured  to  belt* 

(1)    Secure  hand line  above  top 
cross arm*  ' 

2b*  Groundman:  Hoist  the  linemans 
kit  of  tools  required,  to  disconnect 
jumper  wires. 

2c*    Lineman;    Disconnect  and  remove 
primary  and  secondary  jumper  wires,' 
and  jumper  wires  inter-connecting  the 
transformers* 

3a*  Lineman;  Disconnect  service  drops 
from  secondary  distribution  mains* 

(1)  Remove  neutral  (of  tri-plex 
cable  assembly)  from  the  single- spool 
clevis  assembly*    Lower  end  of  cable 
to  ground  with  hand line* 

(2)  Remove  single-spool  clevis 
assembly  and  lower  to  groundman* ■ 

3b*    Lineman:    Remove  and  lower  each 
secondary  conductor*,/-?, 


la*  This  initial  disassembly  procedure 
will  ensure  against  the  possibility 
of  accidentally  energizing  the  line* 


2c*    All  jumper  ties,  jumper  wires  and 
hardware  shall  be  lowered  to  the  ground 
using  the  •••grunt"  bag*    ,vDo  not  drop 
anything  to  the  ground". 

/ 


(1)/  Ground  crew  -  Complete  remove 
of  tri-plex  cables,  coil  and  stow  as 
directed* 
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CEA  2 


UUT  TO  DO 


1 13JS1 


HOW  TO  DO  IT 


4.  Remove  primary  conductors 
between  transformer  pole  .and 
corner  pole. 


5,     Remove  llghnlng  arresters, 
pin  insulators,   fused  cutouts  and 
dea"d-end  clevis  assemblies  at  the 
transformer  pole. 


819 


.    (1)    Remove  secondary  rack  and 
f  lower  vith'TSatodline.     \  ' 

.   .„l*:X-   '  "  ' 

4a.  Gtouhdman:  Select  a  "wire  grip" 
and  raise  to  lineman.  \ 

V  " "  "  ■ 

4b.    Lineman:    Apply  wire  grip  on 
outside  conductor.    Secure  clip  end 
of  hand line  to  wire  grip.  \  Notify 
ground  crew  to  take  a  strain  on  con* 
ductor  before  dutting  conductor  an 
inch  from  where  it  enters  dead-end ing 
device;* ,  \ 

v 

(1)    Lower  conductor  to  the 
ground.  ' 


4c.    Lineman:    Ascend  corner  pole  and 
remove  other  ends  of  primary  conduc- 
tors and  lower  to  the  ground  . \ 

(1) /  Groundmant    Coil  conductors 
in  a  continuous  coil  using  pressure 
splicing  devices.  ;  # 

5a.    Lineman:    Remove  lightning  arres- 
ters from  their  L-brackets  and  lower 
to  the  ground.    Remove  L-brackets. 

(1)  Remove  pin  insulators,  fused 
cutouts  and  dead-end  assemblies.. 

(2)  Stow  gear  as  directed.  • 
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KEY  POIKTS 


Ab*  The  two  outside  conductors  will 
be  removed  first  before  removing  the 
inside  conductors. 


(1)  Use  hand line  on  wire  grip  when 
lowering  conductor.  , 


(1)  Lower  all  procelain  items  very 
carefully. 
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6,  Remove  transformers  (secon- 
dary distribution) 


'U  r 


ERIC 
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BOW  TO  DO  IT 


CEA  2.1.13.JS.1 
at  gOIJCTS 


6a.  Croundman:  Raise  pole-top  gin  to 
lineman* 

6b.    Lineman  #2:    Ascend  pole  and  as- 
sist Lineman  #1  in  securing  pole-top 
gin  to  ,top  of  pole; 

6c.  .  Croundman: .  Ralie  block  and  tac- 
kle, wire  sling  and  tag  line  to  line- 
man. " 

6d.    Linemen  #1  &  #£:    Secure  block 
and  tackle  to  pole- top  gin  with  fall 
line  coming  from  top  block. 

■  (!)•  Secure  wire  sling  to  center 
transformer  and  attach  block  and  tac- 
kle to  wire  sling. 

(23    Attach  tag  line  to  trans- 
former using  a  timber  hitch. 

6e.    Ground  crew:    Take  a  strain  on/ 
block  and  tackle  fall  line  until  trans- 
former hanger  clears  the  supporting 
crossarm.  ^/ 

(1)  Lower  transformer  to  ground. 

(2)  Repeat  steps  of  procedures  on 
the  two  remaining  transformers.  * 

(3)  .  Store  transformers  a*  dir- 
ected by  Instructor.  / 


f 


X 


(1)    Crew  member  will  steady 
transformer  descent  with  tag  line. . 
Move  transformer  away  from  base  of 
pole  before  lowering  #2  arid  #3. 
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7*  Remove  remaining  primary 
conductors*  F 
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MOW  TO  DO  IT 


KEY  POINTS 


7a.    Lineman;    Acccnd  corner  pole 
(next  polo  in  line  after  transformer 
pole)  with  hand  line*-/, ,' 

(1)    Secure  hand line  above  the 
top  cross  ana.  -  c 

7b.    Groundnan:    Uoist  lineman's  tools 
and  wire  grips. 

7c.    Lineman:    Remove  tie  vires  from 
all  line  pin  insulators. 

(1)  Attach  wire  grip  on  outside  « 
conductor.  \ 

* 

(2)  Attach  clip  of  handline  to 
wire  grip.  " 

(3)  s  Take  a  s train -on  wire  grip 
before  cutting  conductor  at  the  auto- 
matic dead-end  device. 

IJ 

Groundaan;    Lcwer  conductor  to  the1 
ground.  0 

7e.  ■  Lineaan:    Remove  remaining  con- 
ductors as  per  7a  -  7d. 


(I)    Remove  all. associated  hard- 


ware. 


(3)    If  conductor  is  cut  while 
there  is  slack  on  the  line,  the  next 
pole  in  line  will  vibrate  back  and 
forth  causing  possible  hazard  to  a 
lineman  on  that  pole. 

7d.    Use  handline  on  wire  grip  when 
lowering' conductor. 


824". 
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'8.  Rcaove  guy*  and  guying  hard- 
ware* 


6- 


:RLC 


S25 


CEA 


2.1.13.JS.I 


BWWDOIT 


KEY  fOIHTS 


(2)  Repeat  procedures  for  re- 
moving  primary  conductors  on  remaining 

poles*  / 

It.   Croundmca;    Splice  conductors 
together  and  roll  into  2  coils* 

8a.   Lineman;   Ascend  guyed  pole  with 
headline*       %  „ 

(1)   Secure  hand line  above  top 
crossans* 

8b*   Groundman;    Hoist  lineman's  tools 
and  wire  grip. 

8c*   Lineman:    Attach  wire  grip  to  guy 
wire* 

(1)   Attach  clip  of  handline  on 
wire  grip. 

8d*   Croundman;    Take  a  strain  on  the 
handline, 

f 

8e*  Lineman;  Remove  thru-bolt  holding 
guy  attachment  to  the  pole* 

8f .  Croundman;  Lower  guy  assembly  to 
the  ground*  . 

(1)    Remove  preformed  guy  grips 
} from  guy  assembly. 

;     ,  (2)   Remove  strand  vise  from 
'  anchor  rod* 
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WHAT  TO  DO 


HOW  TO  DO  IT 


CEA  2. 
KEY  POINTS 


L.13.JS.1  JfJ^ 


9*  ^Remove  hardware  and 
c  rossarras . 


827 


(3)  Roll  guy  strands  into  a 
coil  and  identify  with  a  tag  stating 
assigned  pole* 

(4)  Store  hardware  and  guy 
strands  as  directed  by  instructor* 

9a.    Linemen  #1  and  #2;    Ascend  pole  . 
with  handline* -  * 

(1)    Secure  hardline  above  top 
crossarm*  '  • 

9b*    Groundman;    Hoist  lineman's- tool 
kit*  - 

9c*,  Linemen  #1  and  #2:  Remove  dead- 
end  clevis  assemblies,  pin  insulators 
and  carefully  lower  items  to  the  ground 

(1)  Secure  handline  to  cross* 
arm  with  clove  and  half  hitch* 

(2)  Remove  flat  brace  lag  ' 
screws,  nuts  and  washers* 

(3)  Lower  cross arras. 

9d*    Groundmen:    Store  all  line  mater- 
ial as  directed  by  the  instructor* 

9e.    Lineman:  .  Remove  handline  before 
descending  pole. 

(1)    Make  up  handline  and  store  in 
a  hanging  position* 


(7  of  7) 


(2)    On  double  arm,  allow  thru-bolt  to 
support  one  crossarm  while  opposite 
crossarm  is  lowered  to  the  ground* 


e.  All  steps  of  procedure  shall  be 
executed  100%  correct* 
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MODIFICATIONS 

^Tdfc  ^jggj  )    of  this  publication  has  (have)  been  deleted  in 
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military  forms,  procedures,  systems,  etc.  '  and  was  not  considered  appropriate 
"for  use  in  vocational  and  technical  education. 
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Cross  narks  on  conduit  are  employed,  ordinarily,  only 
on  home  runs  and  where  clarification  is.  necessry 
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TO  THE  STUDENT: 


The  ability  to  read  and  understand  an - arche tectural 
and  electrical  layout  drawing,  like  the  one  on  the  opposite 
page,  is  part  of  the  job  of  the  Engineering  Aid  and  the 
Construction  Electrican,     If  the  EA  were  required  to  draw 
a  picture  of  all  the  components  on  the  drawing,  it  would 
take* forever  to  make  and  be  too  large  to  be  practical  for 
the  field. 

* 

Subsequently,  the  Department  of  Defense,  with  the 
approval  of  the  American  Standards  Association,  has 
standardized  a  system  of  symbols  to  represent  these  components, 
This  booklet  uses  a  lively,  stimulating,  and  unique  way  of 
teaching  some  of /the  most  commonly  used  symbdls  through  an 
assortment  af  qufizzes  arid  tests • 

J.s  "more  than  one  symbol  for  a  specific  com- 
be used.     Consequently;  a  legend  is  required 
identify  each  individual  symbol  and  ref- 


When  there 
ponent  both  will 
on  the  drawing  t 


erence to  this  legendis  recommended-  at  all  times. 


Though  thisjbooklet  uses  quizzes  and  tests  throughout, 
the  programmed  Instruction  should  not  be  regarded  as  a  test, 
but  a  learning  guide. 

I  ft "     *  ' 

I 

The  most  effective,,  way  to  use  this  program  is  to  study 
it  at  your  own  pace.     The  guide  is  broken  into  small  steps, 
usually  one  per  p,age,  with  a  teaching'  bodY,  a. question,  and, 
a  choice  of  answers  on  each  page.     The  correct  answers  to 
the  ^questions  are  located  at  the  top  of  the  next  page. 

Read  each  step -carefully  and  be  able  to  answer  each 
question  before  ptoceeding  to  the  next  page.     DO  NOT  LOOK 
AHEAD.     You  may  look  back  if  you  tend  to  forget  any  of  the 
information.     You  may  ask  your  instructor  for  help  at  any 
time  '  "  you  feel  you  need  it'. 


.TURN  TO  NEXT  PAGE    1  . 
AND  READ  YOUR  OBJECTIVES  . 


iii 


8 


ir, 


'ERIC 
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*  UPON  THE  COMPLETION  OF  THIS  PROGRAM,  YOU  WILL  BE  ABLE  TO: 

Identify,  using  the  correct  nomenclature,  various 
electrical  symbols  used  on  electrical  floor  plans. 

IN  ORDER  TO  DO  THE  A$VE.  OBJECTIVE,  YOU  WILL  BE  REQUIRED  TO: 


U    Identify,  when  given  a  list  of  electrical 
symbols,  the  proper  wiring-designations, 
the  branch  circuits,  and  the  miscellaneous 
control  items  that  the  symbojsj^p 

2.  Identify,  when  given  a  list  of  electrical 
symbols  indicating  lighting  fixture  outlets, 
if  the  symbol  is  an  incandescent  or  fluor- 
escent light,  a  junction  box,  a  night  light, 
or  an  exit  light,  and  whether  it  1s  celling 

\  or  wall  mounted;  i 

3.  Identify,  when  given  a  list  of  electrical 
symbols  indicating  convenience  outlets,  if 

\  the  symbol  is  a  duplex  or  other  than  duplex, 

a  weatherproof,  a  range,  a  switch,  a  special 
purpose,  or  a  floor  mounted;  and 

t    4.    Identify,  when  given  a  list  of  electrical 
symbols  indicating  switch  outlets,  if  the' 
symbol  is  a  single  or  tiwo  pole,  a  three  or 
four  way,  a  thermostat,  an  isolating,  or 
a  push  button  or  pull  switch,  ceiling  or  , 
wall  mounted*  ! 


\  •  TURN  TO  THE  NEXT  PAGE 

\  AND  START  YOUR  PROGRAM  ... 

\         ■  .  iv 
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In  order  to  make  learning  what  £he  symbols  on  an  electrical 
print  represent  easier,  let's  trace  an  electrical  circuit 
from  the  source  to  the  fixtures  and  then  return ,to  the  panel. 

The  National  Electrical  Code  says' that  the  circuit  conductor 
between  the  service  equipment,  or*the  generator  switchboard 
of  an  isolated  plant,  and  the  branch  circuit  overcurrent 
device  is  called  the  feeder. 

i '  « 
The  symbol  for  a  feeder  is  an  extra  heavy  line:  , 


LISTED  BELOW  ARE  FOUR  ELECTRICAL  SYMBOLS ,  .THREE  (3)  REPRESENT 
BRANCH  CIRCUITS  AND  ONE  (1 )  REPRESENTS  A  FEEDER.  PLACE  A 
CHECK  (>/)  MARK  NEXT  TO  THE  ELECTRICAL. SYMBOL  THAT  REPRESENTS 
THE  CONDUCTOR  BETWEEN  THE  SERVICE  EQUIPMENT  AND  "THE  OVERCUR- 
RENT DEVICE: 


A. 
B. 
C. 


TURN  TO  NEXT  PAGE 


1. 
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ANSWER: 


V 


D. 


The  illustration  below  shows  a  typical  layout  for*  the  entrance 
switch,  lighting,  and  power  panels* 

V 

3"  PLYWOOD  BACKBOARD 


FEEDER 


TO  MOTORS  AND  CONVENIENCE  OUTLETS 
The  symhoJVfor  the  lighting  and  power  panels  are: 

Lighting  Panel      (  ) 

Power  Panel        '  (  7////////1  ) 


] 


IN  THE  SPACE  PROVIDED,  DRAW  THE  ELECTRICAL  SYMBOL  NEXT  TO  THE 
NAME  THAT  IT  REPRESENTS:  -  ' 


A.  FEEDER  *  ( 

B.  LIGHTING  PANEL,  -  ( 

C.  POWER  PANEL  .  ( 


) 

;) 


2. 

t 

828'  . 


TURN  TO  NEXT  PAGE  . . . 


15.- 


C.    MOTOR  CONTROLLER 
/D.*  MOTOR 

■  ~_  -    - ,  /'.■'".  

.      •  '  T       .        ..  - 

Now  that  we  have  covered  the  feeder,  panels,  and  controller, 
let's  get  the  electricity  to  the  fixtures.   The  portion  of  a 
wiring  system  extending. beyond  the- final  overcurrent  device 
protecting  the  circuit  is  called  a  branch  circuit.  . 

-  "Th^re  are  three  (3)  ways  of  symbolizing  a.  branch  circuit! 

Concealed  in  Ceiling  or  Wall      (  — : — —  )  _ 

Concealed  in  Floor  (  —  )  .or  (  —  —  — 

Exposed    -  '  .     -  (  ) 


IN  THE  SPACES  PROVIDED,  IDENTIFY  THE  SYMBOLS  WITH  THE  NAME  OF 
THE  ELECTRICAL  COMPONENT:  , 


ANSWERS : 


A.  ( 

B.  ( 
C  ( 


//////// 


'The  National  Electrical  Code  states.,  that  a  controller  is 
/  required  for  ^11  motors..  It  is  l£  device,  or  group  of  devices, 
'  which  serves  to  gove rn,  in.  sane  predetermined  fanner  {stop, 
start,  and  re$et),  the  electrical  power  delivered  to, the 
motor  to  which  it  is  connected.  *    \  * 


The  symbols  for  the  motor  and  the  control! gr  are: 

/  -  „    V  •  .  '  ; ■  I  * 

*  (     ®     )    INOICATES  A  MOTOfJ 

(   IXI'  )    INOICATES  A  MOTOR  CONTROLLER 


J 


f 


IN  THE  SPACES  PROVIDED^  IDENTIFY  THE  ELECTRICAL  SYMBOLS  0ELOW 


<\ 


)  A. 


)  B. 

i  C. 

M)  .  '•)  *•  D. 


V 


TURN  TO  NEXT  PAGE 

•  3. 


too 
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ANSWERS:     A.  FEEDER 


8.    8 RANCH  CIRCUIT  (CONCEALED  IN  CELLING  OR  WALL) 

C.  BRANCH  CIRCUIT  (CONCEALED  IN  FLOOR)  - 

D.  BRANCH  CIRCUIT  (EXPOSED). 

1  \ 


ANY  Branch  Circuit  without^further  designation  indiqates  a  two 
T2T  wire  circuit:  \  V 

EXAMPLE:    "         (—  )      Two  (2)  wires  \ 

NOTE:    THE  SYMBOL  IS  THE  SAME  AS  THAT  OF  THE  BRANCH  CIRCUIT 
(CONCEALED  IN  CEILING  OR  WALL). 

.For  a  greater  number  of  wires  indicate  as  follows: 

(  — >W —  )      Three  (3)  wires 

/   -  ( — rffP-H      Four  (4)^  wires 

\       -  ••• 

t   -  *  _  *  '  ■  . 

CHECK  \vO  THE  CORRECT  WAY  OF  INDICATING  A  FIVE  WIRE  BRANCH  CIRCUIT: 

Sj  .   '  A.    (  — 2  ) 

 b.  {  -—m — ) 

 c.  (  —  ) 


TURN  TO  NEXT  PAGE  ...  . 

5. 


■       \  ~ 
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ANSWER: 

>/  b.  (    w  ) 


Let  s  cover  one  mo**e  item  that  comes  under. the  same"  category  as 
a  branch" circuit..  The  HOME RUN -symbol  resembl&s  thatfo*  al branch 
circuit  concealed  in  a  ceiling  or  wail,  except  that  the  number  of 
circuits  is  indicated  by  a  number sof  arrows. . 


EXAMPLE:,  .       ^,  ... 

(       ■  »»  ■)  .  INDICATES  TWO  {2}  CIRCUITS  RETURNING 
TO  THE  PANEL.   ,    -."  -  " 

(   INDICATES  THREE  (3)  CIRCUITS 

-.  RETURNING- TO  THE  PANEL. 

r   •  -  V**      -  \ 

•  V  } 

IN  THE  SPACES  PROVIDED*,  -INDICATE  -BY  DRAWING  THE  REQUESTED  SYMBOL: 
,  A.;  TWO.  CTRCUIT  HOME- RUN^--"^(      \  ) 
B. ;  ThWe  WIRE  BRANCH^CrftCCJIT    (  .  ) 
V  .  C.    TyO  WI-RE  BRANCH  CIRCUIT      (  ) 

0  r  "FOUR  W I  RE  BRANCH  CIRCUIT     (  ) 


A 


-  \TURN  TO  NEXT  PAGE  , . . 

6.       '  \  ■ 


V 


ANSWERS : " 

A.  (  

B.   )  -    .  \  . 

C   C  -) 

i 

o.  -  ( — m^-)  ,  I 


\  \  \ 

Up  to  this  point  you  have  learned  twelve  (12)  symbols,  let's  \ 
see  if  you  remember  them,  and  take  a  quick  stop  and  review  ... 


COMPLETE  THE  FOLLOWING: 


THIS  '$YM80L  (  ^REPRESENTS  A/AN 


A "  \  A 


\ 
\ 


\ 

v- 


\ 


CHECK  YOUR  ANSWER 

7. 


.  \ 


\ 

i 
i 

\ 
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ANSWER:  FEEDER 


J_ 


HOW  ABOUT  THESE  FOUR  SYMBOLS,  DO  YOU  REMEMBER  WHAT  THEY  i 
REPRESENT?-      .  \ 


)  A. 


///////// 


)  B. 


)  C. 
M)    .)  D. 


\ 


C 


A 


ERIC 


Q 


'  \.V- 


\ 


CHECK  YOUR  ANSWERS  .\. 


8. 


844 '    \ .  ' 


ANSWERS :  '; 

A.  LIGHTING  PANEL 

B.  POWER  PANEL  • 

.  C.  MOTOR  CONTROLLER 
'.    0.  MOTOR 


-        "  1 

I  BET  YOU  REMEMBER  THESE  SYMBOLS  WITHOUT  ANY  TROUBLE 

(  )  1    •  •        a.  : 

 )    or    (   )    B.  _____ 

(,  )  c. :  


\ 

■  \  ' 

\  .    CHECK  YOUR  ANSWERS 

ON  THE  NEXT  PAGE  ..*. 

\       Q » 


ANSWERS:  „  j 

A.  BRANCH  CIRCUIT  (CONCEALED  IN  CEILING  OR  WALL)   ' ) 

B.  BRANCH  CIRCUIT  (CONCEALED  IN  FLOOR) 

C.  ,  BRANCH  CIRCUIT  (EXPOSED) 


i 

AND  THE  LAST  OF  THE  SYMBOLS  YOU  HAVE  OUST  LEARNED: 


(  t)  A. 


\ 


(  0.  );  b.  . 

(  m,  )  c 
( — —  )  d. 


/ 


T 


/ 


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE-  ... 


I        \  10. 
1    .  84s  ) 


ANSWERS:    A.    TWO  WIRE  BRANCH  CIRCUIT 

 V—  8-5—- TH  RE  E~W  IR  E-BRANGH-GiRGU IT- 


C.    FOUR  WIRE  BRANCH  CIRCUIT 

0.    HOME  RUN  TO  PANEL  (2  CIRCUITS) 


T 


GO  ON  TO  THE  NEXT  PAGE  TO  SEE  IF  YOU  GOT  THE  FIRST  OBJECTIVE 
DOWN  PAT  ...  I  ' 

\ 


\ 


IN  THE  SPACES  PROVIDEO,  IDENTIFY  THE  ELECTRICAL  SYMBOLS: 


SYMBOL 


NAME 


2. 


'  \ 


//////// 


3. 


4. 
5. 


6. 


7. 


■7^ 


8. 
9. 


10.  ' 


\ 


ERIC  ' 


v 


\  \ 


11. 


TURN  TO  NEXT 


12. 


\ 

\ 


\ 


ANSWERS- 


SYMBOL 


'/////// 


Si) 


NAME "  » 

-  i 

1 .  Feeder  \ 

2.  Lighting  Panel 

3.  -Power  Panel 


4.   Motor  Controller 


5 .  Motor 


6.  •  Branch  Circuit  (Concealed  in  Ceiling 
or  Mall) 

2  Mire  Circuit  — i.  i 


i  iW- 


7.  Branch  Circuit.  (Concealed  in  Flopr) 
\     2  Mire  Circuit 


B.    Branch  Circuit  (Exposed) 
v    2  Mire  Circuit  <  •> 


9.    2  Home  Runs  to  Panelboard- 

10.  3  Wire  Branch  Circuit 

11.  4  Mire  Branch  Circuit 
TURN  TO  NEXT^PAGE  ... 

13. 


)0^r 
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If  you  were  to  look  at  an  electrical  print,  you'd      able  to 
follow  a  circuit  from  a  source  to  a  fixture  and  return  to  the 
panel.  Since  you  are  out  at  the  fixtures,  let's  see  what  those 
circles  and  squares  represent.  \ 

*  f 

There  "are  two  types  of  lighting  fixtures  •  incandescent  and 
fluorescent    and  they  can  be  mounted  on  the  ceiling  or  wall. 

Their  symbols  are;       ^  y 

\  o  '  ' 


'  )    Indicates  an  -incandescent  fixture  outlet, 
,  ceiling  mounted;  and  *  i 


i  — 


(  I     o    I  )   Indicates  a  fluorescent  fixture  outlet, 
ceiling  mounted. 


WHICH  SYMPOLS  BELOW  REPRESENT  AN-  INCANDESCENT  AND  A  FLUORESCENT 
FIXTURE* OUTLET,  CEILING  MOUNTED,  CHECK  {/)  THE  CORRECT  ANSWERS: 


A.  (     O     ')  / 

B.  t\     6  h 

t 

c  (  O".  > 
o.  M  -  «p  I) 


•I 


V 


•  •  \  ■  ■ 


TURN  TO  NEXT  PAGE  ... 
14.  \ 
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ANSWERS: 


y. «.  <  o  ) 

S_  b.  (  i—^Hn  > 


/- 


On  the  previous  page,  it  said  that  the  two  lighting  fixture 
\  outlets  could  be  ceiling  or  wall  mounted* 

\ 

The  .symbols  that. represent  the  wall  mounted  lighting  fixtures 
are  i  ' 

•  rv-,£>    -    '  ■■ 

(     \^J- \\)    Indicates  an  incandescent  fixture 
j     wall  mounted;. and 


( c=f 


outlet, 


3  )    Indicates  a  ftluore'scent'  fixture  outlet, 
«wall,  mounted. \ 


i: 


V 


1 


WHICH  'SYMBOLS  BELOW  REPRESENT  AN  INCANDESCENT  AND  A  FLUORESCENT 
FIXTURE  OUTLET,  WALL  MOUNTED,  CHECK  (✓)  THE  CORRECT  ANSWERS: 

.      >  <  jO  )    '  •  i 

.       c.\  (  'O-  )        •  ' 


d.  (  c 


; 


TURN  TO  NEXT  PAGE  . . 


15. 


J-/ 
/ 


/ 


\  ... 


$  "  — -  li^r — I —  

/ANSWERS:**  C.    (     O"  ) 


BEFORE  YOU  GO>0N-TO  A  NEW  SYMBOL,  LETVS  SEE  IF  YOU  CAN  IDENTIFY  f 
THESE  SYMBOLS^ -PLACE  YOUR  ANSWERS  IN  THE  SPACES  PROVIOED:  > 


(  I  0  I  )  A. 
(     O    )  B. 

Jl7P)"c. 

(     O     )  D- 


\ 


"S 

1 


t 

CHECK  YOUR  ANSWERS  ON 
THE  NEXT  PAGE!  <\  • 

U5.V  ' 


\ 
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ANSWERS:    A.  FLUORESCENT  FIXTURE  OUTLET,  CEILING  MOUNTED 

B.  INCANDESCENT  FIXTURE  OUTLET,  WALL  MOUNTED 

C.  FLUORESCENT  FIXTURE  OUTLET,  WALL  MOUNTED 

0s.  INCANDESCENT  FIXTURE  OUTLET,  CEILING  MOUNTED 


The  American  Standards  Association  puts  electrical  symbols  into 
six  categories.    In  the  General  Outlets  category  the  ASA  uses 
the  incandescent  fixture  outlet, .ceiling  mounted  as  a  basic 
symbol,  and  by  placing. a  letter  -  (J)  for  junction- box  or  (X),  , 
for  exit  light  .outlet  -  within  the  .symbol ,  it  differentiates 
between  each  symbol ,  4  ' 


IN  THE  SPACES  PROVIDED,  DRAW  THE  ELECTRICAL  SYMBOL  NEXT  TO  THE 
NAME  THAT  IT  REPRESENTS: 

°  ft 

A.    A  JUNCTION  BOX,  CEILING  MOUNTED      *  (  )* 

tf.  '  AN  EXIT  .LIGHT  OUTLET;  CEILING  MOUNTED  (  ) 

C.  '  AN  INCANDESCENT  FIXTURE  OUTLET,  CEfLING  ,  * 
"MOUNTED  •  \    .     .  ' 

D.  AN  INCANDESCENT  FIXTURE  OUTLET,  WALL  /  * 
MOUNTED  1  •  ; 


TURN  TO  NEXT  PAGE  . . . 


17. 


853 


ANSWERS:    A.    (     @.    )    A  JUNCTION  .BOX, .  CEILING  MOUNTED 

B.  (     ®     )    AN  EXIT  LIGHT  OUTLET,  CEILING  MOUNTED 

C.  (     O     )   AN  INCANDESCENT  FIXTURE  OUTLET, 

CEILING  MOUNTED  . 

D.  (     0~'y   AN  INCANDESCENT-FIXTURE  OUTLET, 

.     WALL  MOUNTED 


The  same  rule  applies  to  wall  mounted  outlets  as  that  of  the 
ceiling  mounted  outlets.  The  basi C  symbol  is  that  of  the  in- 
candescent fixture  outlet,  wall  mounted. 


IN  THE  SPACES  PROVIOED,  DRAW  ELECTRICAL  SYMBOLS  TO  REPRESENT 
THE  NAMES  GIVEN:         ,   -  - 


A.  A  JUNCTION.  BOX, "WALL  MOUNTED  (  -  ) 

B.  AN  EXIT  LIGHT  OUTLET,  WALL  MOUNTED  (  ) 

C.  AN  INCANDESCENT  FIXTURE  OUTLET,  WALL  MOUNTED  (  ) 
0.  A  FLUORESCENT  FIXTURE  OUTLET,  CEILING  MOUNTED  (  ) 


TURN  TO  NEXT  PAGE.... 


.  >  804 


ANSWERS:    A.    (     Q)"    )    A  JUNCTION  BOX,. WALL  MOUNTED 

B.  -(     ®-    )    AN  EXIT  LIGHT  OUTLET,  WALL  MOUNTED 

C    (     O*    )    AN  INCANDESCENT  FIXTURE  OUTLET, 
WALL  MOUNTED 

D.    (  r~C~l  )    k  FLUORESCENT  FIXTURE  OUTLET, 
.    *  CEILING  MOUNTED 


The  last  symbol  covered  .in  this  General  Outlets  category  is 
that  of  the. night  light  outlet. 

The  symbol  is  that  of  the  basic  symbol  plus  cross-hatching 
and  you  have:  - 


(  Hip  )  A  night  light  outlet,  ceiling  mounted;  & 
(     @~*  )   A  night  light  outlet,  wall  mounted. 


IDENTIFY,  IN  THE  SPACES  PROVIDED,  THE  SYMBOLS  LISTED  BELOW: 
(     ®~    >   A.        •     •  " 

-    (    @r  Tb.  ________ 

(  ®  )  c   '_ 

(    ©    )  o.  


TURN  TO  NEXT  PAGE 
19. 


ANSWERS: 

A.    EXIT  LIGHT  OUTLET, -WALL  MOUNTED 
8.    NIGHT  LIGHT  OUTLET,  WALL  MOUNTED 

C.  JUNCTION  BOX,  CEILING  MOUNTED 

D.  NIGHT  LIGHT  OUTLET,  CEILING  MOUNTED  - 


On  the  .previous  pages  you  have  learned  to  Identify  various 
symbols  that  would  normally  appear  on- an  electrical  floor 
print.   Let's  see  if  you  remembyer  sonie  of  them: 


IN  THE  SPACES  PROVIDED,  IDENTIFY  THE  COMPONENT  REPRESENTED  BY 
THE  SYMBOL: 


'///////A 


A. 
B. 
C. 
D. 
E. 
F. 


-  CHECK  YOUR  ANSWERS 
ON,  THE  NEXT  PAGE  . . . 

20.  ' 


858 


ANSWERS:-  ,A.  FEEDER 

B.  ■  LIGHTING  PANEL 

C.  POWER  PANEL 

D-    BRANCH  CIRCUIT  (CONCEALED  In  CEILING  OR  WALL) 
or  2  WIRE  CIRCUIT    ."        •  . 

'*   •      E.    BRANCH  CIRCUIT  (EXPOSED) 
F.    3  WIRE  BRANCH  CIRCUIT 

NOTE:  IF  YOU 'HAD  .ANY -TROUBLE  REMEMBERING  THESE  SYMBOLS,  TURN 

BACK  TO  PAGE  13  AND  DO  A  LITTLE  REVIEW*.  - 

•      •      .    *  -  .  . 


HOW  ABOUT  THESE? 


o 


)  A. 


(     ®-    )  B. 


)  -.-a 


)  d.   


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE  .. 


21 
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ANSWERS:    A.  INCANDESCENT  FIXTURE  OUTLET,  CEILING  MOUNTED 

■    B.  JUNCTION  BOX,  WALL  MOUNTED ■ 

C.  EXIT  LIGHT  OUTLET,  CEILING  MOUNTED 

.  D.  NIGHT  LIGHT  DUTLET,  CEILING  MOUNTED 


AND  SOME  MORE  ... 


M     O     h  A. 


(  I     <?     l>    B.  _ 

V  ©  )  c.  _ 

(     0-.)    D.  _ 


[  ERIC. 


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE  ... 


22. 


858 


ANSWERS:    A.  FLUORESCENT  FIXTURE  OUTLET,  CEILING  MOUNTED 

\         B.  FLUORESCENT  FIXTURE  OUTLET,  WALL  MOUNTED, 
i  ■ 

■     C.  NIGHT  LIGHT  OUTLET,  CEILING  MOUNTED 

D.  EXIT  LIGHT  OUTLET,  WALL  MOUNTED 


AND  SOME  MORE  ... 

-  (      O"  >   A.  : 

*  * 

(    •©•)  B.  


CHECK-  YOUR  ANSWERS 
ON  THE  NEXT  PAGE-  ... 

23.' 


859 


ANSWERS:    A.    INCANDESCENT  FIXTURE  OUTLET,  WALL  MOUNTED  9 


-B.    JUNCTION  BOX,  CEILING  MOUNTED 


NOTE:    IF  YOU  HAD  ANY  PROBLEM  ON  THE  LAST  THREE  PAGES  REMEM 
.BERING  THE  NAMES  OF  THE  SYMBOLS,  GO  BACK  TO  THE  PAGES 
WHERE  THEY  WERE  DISCUSSEO.  .  *  ' 


TURN  TO  NEXT  RAGE  ... 

24. 


50  r 


IN  THE  SPACES  PROVIDED,  DETERMINE  WHAT  ELECTRICAL  FIXTURE  THE 
SYMBOL  REPRESENTS  AND  HOW  IT  IS 'MOUNTED  (CEILING  OR  WALL):  • 


SYMBOL  . 

NAME 

0 

1. 

0-  - 

2. 

-  3. 

•  Q>  ' ... 

-  4. 

1  0  1 

* 

.  5. 

L_o_j 

0 

6. 

* 

7. 

8. 

0  " 

9. 

0-. 

10. 

TURN  TO  NEXT  PAGE  . . . 

25.  - 
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ANSWERS : 
SYMBOLS"  ' 

o 

-O 

;  ® 

<3>\ 


(x>. 


NAME 

1.  Incandescent  Fixture  (Celling) 

2.  Incandescent  Fixture  (Wall-) 

3.  Junction  Box  (CeiTingj 

» 

4.  Junction  Box  (Wall)  . 

5.  Fluorescent  Fixture  (Ceiling) 

6.  Fluorescent  Fixture  (Wall)- 
.7.  Night  Light  Outlet  (Ceiling) 

8.  Night  light  Outlet  (Wall) 

J  ' 

9.  Exit  Light  putlet  (Ceiling)  * 
10.  Exit  Light jOujQetJWal  1 ) 


TURN  TO  NEXT  PAGE 
26. 

8C2  * 


The  Duplex  Convenience  Outlet,  grounding  or  non-grounding,  is 
installed  on  a  branch  circuit  for  the  connection  of  an  attach- 
ment plug  and  flexible  cord  of  your  radio,'  TV,  and  etc. 

The  illustration  at  the  right 
is  the  grounding  type  outlet. 


On  a  electrical,  print,  either 
type  maybe  shown  as  such:  \ 


NON- GROUNDING 


GROUNDING 


IN  THE  SPACE  PROVIDED,  IDENTIFY, 
BY  0 RAWING,  THE  OUPLEX  CONVENIENCE 
OUTLET  DEPICTED  BY  THE  ILLUSTRATION: 


.  ) 


TURN  TO  NEXT  PAGE 


27. 


S.G3 


ANSWER:     ■   (   :]Q6,  ) 


The  Amercian  Standard  Association  has  adopted  the  use  of  a  basic 
standard  symbol  from  which  to  create  tne  other  receptacle  outlet 
symbols:  ' 

t  O  ) 

EXAMPLES:  9  - 


(  "O  )  OR  (*  =©i  )  SINGLE  CONVENIENCE  OUTLET, 
V  NON-GROUNDING  TYPE 

(  )   OR   (*  )  TRIPLEX  CONVENIENCE  OUTLET, 

\  -xcrG  GROUNDING  TYPE 


*  NOTE:    THIS  SYMBOL  MAY  DENOTE  A  GROUNDING  OR  NON-GROUNDING  TYPE 
OUTLET.    YOU  SHOULD  CHECK  LEGEND  OF  THE  DRAWING  FOR" 
SPECIFICATIONS.  ' 


DETERMINE  WHAT  EACH  SYMBOL  REPRESENTS,.  AND  PLACE  YOUR 
ANSWERS  IN  THE 'SPACES  PROVIDED: 


(  3&  )  A.  .. 

(  )  '  ,B.  V 

*(  >  ■  c. 

(  "©6  )  °' 


.  TURN  TO  NEXT  PAGE  .. . 
28. 


ANSWERS: 


A.  ( 


) 


B.    (    3Dyp  ) 


c.  i  3^G  )  OR  (  ^© 


-  X 


r  _  ^  -v  • 


Jhe  illustrations  below  show  some  of  the  shapes  and  forms 
a*.  Range  Convenience  Outlet: 


but  on  an  electrical  print  thA  nutlftt  .ha<L-^mljt^nni^-shape : 


IDENTIFY  THE  BELOW  LISTED  ELECTRICAL  SYMBOLS.  [PLACE  YOUR 
ANSWERS  IN  THE  SPACES  PROVIDED]: 


-( 


( 


)  A. 

)  B; 

)  c. 


(  )  D. 


30.  7 


ANSWERS:    A.  TRIPLEX  CONVENIENCE  OUTLET,  NON-GROUNDING  TYPE 

B.  SINGLE  CONVENIENCE  OUTLET,  NONrGROUNDING  OR 
GROUNDING  TYPE  '  .. 

C.  DUPLEX  CONVENIENCE  OUTLET,  NON- GROUNDING  TYPE 

D.  SINGLE  CONVENIENCE  OUTLET,  GROUNDING  TYPE 


Another  method  of  identifying  convenience  outlets,  other  than 
duplex  convenience  outlets,  is  by  using  ^a  capital  letter  in- 

~s teard"of  a  number. — The  Teller  represents  a  type  of  outlet,  

and  is  usually  the  first  letter  of  the  type  of  outlet  or  a 
combination  of  letters. 

EXAMPLES:  (    ^Q1JO  )    INDICATES  A  WEATHERPROOF  CONVENIENCE 
wp  OUTLET 

.      (    :Qc    )*   INDICATES  A  SWITCH  4  DUPLEX  CONVENIENCE 
S.  OUTLET 


IN. THE  SPACES  PROVIDED,  DRAW  THE  .ELECTRICAL  SYMBOL  THAT  WILL 

"1^E?RESENT^TH€tCONVE^^NCE„0UTL.ETS  LI-ST-ED-BELQW-h- 


A.  A  DUPLEX  CONVENIENCE  OUTLET ,  NON-  C:   "  T 
GROUNDING  TYPE  : 

B.  A  WEATHERPROOF  CONVENIENCE  OUTLET  (  ) 

C.  A  TRIPLEX5  CONVENIENCE  OUTLET,  /  s 
GROUNDING  TYPE  v  , 

D.  SINGLE  CONVENIENCE  OUTLET,  ,  s 
'  .  GROUNDING  TYPE    .        '   -----  V  - 


TURN  TO  NEXT  PAGE  ... 

Z9. 


Pf 


ANSWERS:    A.    TRIPLEX  CONVENIENCE  OUTLET,  NON- GROUND I NO 
OR  GROUNDING  TYPE 

.6.    RANGE  CONVENIENCE  OUTLET'. 

•  C.    DUPLEX  CONVENIENCE  OUTLET,  NON-GROUNDING 
TYPE 

D.    SWITCH  &  DUPLEX  CONVENIENCE  OUTLET 


Twn  mprp  ii«;p<;  nf  thp  hasi'r  stanriarH  symhnl  •  arp  thp: 


(     (£)     )    SPECIAL  PURPOSE  OUTLET,. 
^  NON-GROUNDING  TYPE 


(     HH      )  OR  (*    ®     )    FLOOR  DUPLEX  CONVENIENCE 

.OUTLET,  NON-GROUNDING  TYPE  - 


♦NOTE:  THIS  SYMBOL-  MAY- DENOTE-A-GROUNDING-TYPE  OR-NON-GROUNDING 
TYPE  OUTLET.  YOU  SHOULD  CHECK  LEGEND  OF  _THEJ3RAWING_ EOBL . 


"SPECIFICATIONS: 


LlblEU  BELOW  ARE  THE  N^ES^^)ME^^f:M€tE-OUTLET-S-i  DRAW-THI 
S^miJnrE(«T^l~REPRESENT^Bn)N^El;ECTRICAtrPRr^ 

A.  SPECIAL  PURPOSE  OUTLET,  GROUNDING  TYPE    (  ) 

B.  RANGE  CONVENIENCE  OUTLET  (  .  ) 

C.  FLOOR  DUPLEX  CONVENIENCE  OUTLET,  ,.  x 
'  GROUNDING  TYPE      V                              v  - 


TURN  TO  NEXT  PAGE  . 


31, 


867 


ANSWERS:    A.  •(     vftjg  ) 
B.    (    ^R  ) 


5'S\ 


\ 


C.    (  )  OR  (     [§]  ) 

G 


On  the  previous  pages  you  have  learned  to  identify  various 
symbols  that  would  normally  appear  on  an  electrical  print. 
Let's  see  if  .you  remember  some  of  them: 


identify  these: 
a'.  (• 


-B,-(~  -3gL  '  )  OR  \     iQ,  ) 


9 

ERIC 


TURN  TO  NEXT-PAGE 

AND  CHECK  YOUR  ANSWERS  . . . 


32. 

8GS 


=3T 

To 


ANSWERS: 

A.    (  )  . .  ■      DUPLEX  CONVENIENCE  OUTLET, 


NON-GROUNDING  TYPE 


B.    (    ^r    )  OR  (  )  TRIPLEX  CONVENIENCE  OUTLET, 

G    .  .  3      GROUNDING  TYPE 

NOTE:    IF  YOU  HAD  TROUBLE  REMEMBERING,  TURN  TO  PAGES  27  &  28. 


HOW  ABOUT  THESE: 


A-  L  » 
b.  (  #s  ) 


TURN  TO  NEXT  PAGE 
AND.  CHECK  YOUR  ANSWERS 


33. 


863 


5>t: 


i  " 


ANSWERS :. 


A-  (    :©up  )    WEATHERPROOF  CONVENIENCE  OUTLET, 
W        NON-GROUNDING -TYPE 


B.  (  ) 


SWITCH  *  DUPLEX  CONVENIENCE  OUTLET 


NOTE:    TROUBLE  HERE?   TURN  TO  PAGE  29. 


RCMEMBER  THESE: 


B/J      %  ) 

"cT  (    Tj)    )  OR  7 


ERJC 


TURN  TO  NEXT  PAGE 
AND  CHECK  YOUR  ANSWERS 


34. 


870 


5# 


ANSWERS.:.. 
A.  { 


) 


b:  (    ®  ). 


RANGE  CONVENIENCE  OUTLET 


SPECIAL  PURPOSE  OUTLET, 
NON-SROUNDING  TYPE 

C.    (     ®     )  OR  (     [Ml     )    FLOOR  DUPLEX  CONVENIENCE 

OUTLET,  NON-GROUNDING  TYPE 

NOTE:  .  IF  TROUBLE  HERE,  TURN  TO  PAGES  30  &  31. 


-i- 


,1 

 —35.** 


TURN  TO  NEXT  PAGE 
AND  CHECK-  YOUR  ANSWERS  . . 


-1 


9 


871 


$tf. 


..     .  •  \ 

IN  THE  SPACE  PROVIDED,  DETERMINE  WHAT  TYPE  OF  CONVENIENCE 
OUTLET  THE  SYMBOL  REPRESENTS: 


SYMBOL 


NAME 


•e 


WP 


=©3 

A- 


2. 


3.- 


4. 


0 


6. 


7. 


8. 


36. 


TURN  TO  NEXT  PAGE 

AND  CHECK  YOUR  ANSWERS  . . , 


9 

ERIC 


872 


ANSWERS: 
-SYMBOt- 


— MAKv 


■=©' 


•e 


WP 


.  R 


1".  DUPLEX  CONVENIENCE  OUTLET, 
NON-GROUNDING  TYPE.  ' 

2.  TRIPLEX  CONVENIENCE  OUT! 
 GROUNOtNfi-TYPCT 


•V 


0 


3.  SINGLE  CONVENIENCE  OUTLET, 
.  NON-GROUNDING  TYPE. 

4.  WEATHERPROOF  CONVENIENCE  OUTLET, 
'  NONwG ROUNDING  T*PE. 

5:  SWITCH  &  DUPLEX' CONVENIENCE  OUTLET 


6.  RANGE  CONVENIENCE  OUTLET 


'7.  SPECIAL  PURPOSE  OUTLET, 
NON-GROUNDING  TYPE. 

8.'  FLOOR  DUPLEX -CONVENIENCE  OUTLET, 
NON-GROUNDING. TYPE. 


N 


X 


TURN  TO  NEXT  PAGE 


37. 


P 

"  -  -L. 


BETORE  GOING  ON  TO  THE  NEXT  OBJECTIVE ,  LET'S  REVIEW  THE  FIRST 
OBJECTIVE .         '  •  -  —  


REMEMBER.  THFSC: 
SYMBOL 


NAME 


/////// 


1. 
2. 


3. 


® 


•4. 
5. 
6. 


8. 


"97 


10. 


-iW- 


11 


V 


9 

.ERIC 


TURN  TO  PAGE  13  FOR  THE  CORRECT  ANSWERS.  AFTER  CHECKING  YOUR 
ANSWERS  GO  .TO-.  PAGE  39. 

38. 


874. 


THE  SYMUOLS  LISTED  BELOW  AR^  FROM  THE  SECOND  OBJECTIVE 


-  TRY  TO  IDENTIFY  THEM: 


SYMBOL 


.o 
o- 


czsn 


©- 


NAME 
f..  t 
2. 
3. 


 4,- 

5. 

> 

6. 

^  7. 

8. 
9. 


10. 


...  \. 


•v. 


TURN  TO  PAGE  26  FOR  THE  CORRECT  ANSWERS.  AFTER  CHECKING  YOUR 
ANSWERS  GTTffTAGE  40.,  '  *  • 


39. 


m 


875 


l:or  interior  wirimj  you  will  use  single  pole,  two  or  double 
pole,  3-Wdy%  or  4-way  '•toggle"  switches.  Most  of  the  switches 
you  use  will  be  single  pole,  but  occasionally  you  will  haVe 
to  install  a  3-way  system  and  on  occasions  a  4-way  system 
very  rarely.  ^  % 

The  symbol  for  a  single  pole  switch  on  an  electrical  print 

is:  »   

j 

By  placing  a  number  to  the  lower  right  &  below  the  single 
pole  switch  symbol,  you  can  differentiate  between  the  other 
type,s  of  switches.  , 

EXAMPLE:    (       S       )    INDICATES  A  TWO  OR  DOUBLE  POLE  i 
•  * "  2         SWITCH.  .  .  '  ' 


IN  THE  SPACES  PROVIDED,  DRAW  THE  SYMBOL  OF  THE  REQUESTED 
SWITCH: 


. .  A.    SINGLE  POLE  SWITCH  (  ) 

B.  TWO  OR  DOUBLE  >0LE'  SWITCH  T  (  ) 

C.  'THREE-WAY  SWITCH  (  ) 


D.    FOUR-WAY  SWITCH.  /  ( 


TURN  TO  NEXT  PAGE 

40.  "  8?G 


ANS'lt'RS:    A.  f 


■B.  ( 


S  ) 


C  ( 
D.  ( 


) 


•3 

s4"  > 


'J 


The  American  Standard  Association  utilized  that  basic  standard 
symbol  :        '  •  \ 

* 

from  whi'ch  to  create  twa  types  of  switches:  * 

A.  f     (§)-  ^    PULL  SWITCH,  WALL  MOUNTED 

B.  (     (I)     )    PULL  SWITCH,  CEILING  MOUNTED 

C    "(     ®-    )    THERMOSTAT,  USUALLY  WALL  MOUNTED 


IN  THE  SPACES  PROVIDED,  DRAW  THE  ELECTRICAL  SYMBOL  THAT 
REPRESENTS  THE  SWITCHES .LISTED  BELOW: 


a.  .4-way  switch  ( 

b.  Thermostat  switch  "  •  ( 

c.  pull  switch,  wall  mounted  (' 
0.  2  or  double  pole  switch  ( 


TURN  TO  NEXT  PAGE" 


.41 


& 


ansjjAsT  A,  (      S4    )      c/  (    0~  ) 
B.   (    0"  )      0.   (      s2  ) 


f- 

The  National  Electrical  Code  states  that  an  irvlat-ing  switch 
is  a  switch  intended  for  isolating  an  electrical- circuit  from 
the  source  of  power.    It  is  intended  to  be  operated  only  after 
the  circuit  has  been  opened  by  some  other  means. 


The  symbol  for  tin  Isolating  Switch  is: 

iJ 


) 


IDENTIFY  THE  SYMBOLS  LISTED  BELOW.  [PLACE  YOUR  CORRECT  ANSWER 
IN  THE  SPACES  PROVIDED]:  ' 


TURN  TO  NEXT  PAGE  .;. 


42. 


v     *  r 


4>    ANSWERS:    A.  THREE-WAY  SWITCH   .  ' 

B.  PULL  SWITCH,  CEILING  rtOUNTED 

C.  -ISOLATING  SWITCH. 
O.-  THERMOSTAT  SWITCH; 


V 

/ 


}, 


The  final  symbol  you  will  have  to  learn  and  usf  is  tnat  of  a 
push  button  switch,.    It  looks  like  this  on  anelectrical  print: 


(   DEI  ) 


IN  THE  SPACES  PROVIDED,  DRAW  THE  ELECTRICAL  SYMBOL  THAT 
Rf PRESENTS  thf  SWITCHES  LISTED  BELflW: 


A. 

PULL  SWITCH,  CEILING  MOUNTED 

( 

1 

ft. 

SINGLE  POLE  SWITCH 

( 

) 

C. 

ISOLATING  SWITCH- 

( 

) 

0. 

PUSH  BUTTON  SWITCH 

(  ■ 

) 

TURN  TO  NEXT  PAGE... 


43. 


879 


£27 


ANSWERS:   A.    (     (?)  ) 
B.    t      S  ) 

c  (  Gh1  ) 


In  the  previous  sequence^ou.  have-le^fned  how  the  various 
types  of  switehes-Trre- represented  on  electrical  prints. 


LET'S  SEE  IF  YOU REMEMBER  THEM  : 


)  A.- 


)  B. 


.(.  JS3   )  c. 

(  ■    S4     h  D. 


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE  . . . 

44. 


880 


ANSWERS :    A,    SINGLE. POLE  SWITCH 

B.'  TWO  OR  DOUBLE  POLE  SWITCH 
.  C.    3-WAY  SWITCH 
0.  •  4-WAY  SWITCH- 


HOW  ABOUT  THESE? 


0  )  A. 
©-  )  B. 

©-  )'  c. 


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE  . . . 


45. 


5** 


<1 


831 


# 


ANSWERS :    A.  PULL  SWITCH,  CEILING  MOUNTED 

B.  PULL  SWITCH,  WALL  MOUNTED 

C.  THERMOSTAT  SWITCH 


AND -FINALLY  ... 

(   CZh1  )  A. 

(SI      )  B. 


CHECK  YOUR  ANSWERS 

!:'/.  .  ON  THE  NEXT  PAGE  ... 


ANSWERS:    A.    ISOLATING  SWITCH 
8.    PUSH  BUTTON  SWITCH 


IN  THE  SPACES  PROVIDED,  DETERMINE  WHAT  TYPE  OF  SWITCH  OUTLETS 
THE  SYMBOLS  REPRESENT:  .  . 


SYMBOLS 


NAME 


Q 


i. 

2. 
3.- 
4. 
5. 
6. 
7. 
•8. 
9. 


CHECK  YOUR  ANSWERS 
ON  THE  NEXT  PAGE  ... 


47. 


833 


ANSWERS: 
SYMBOLS 


3 

©- 

© 

©- 


NAME 

1.  Single  Pole  Switch 

2.  Two  or  Double.  Pole  Switch 

3.  '  3- Way  Switch 

4.  4-way  Switch 

5.  Pull  Switch,  wall  mounted- 

6.  Pull  Switch,  ceiling  mounted 

7.  Thermostat  Switch 

8.  Isolating  Switch 

9.  Push  Button  Switch 


TURN  TO  NEXT  PAGE 
48. 


834 


ONE  LAST  ITEM}  THOUGH  THE  SYMBOLS  YOU  HAVE  JUST  LEARNED 
REPRESENT  A  COMPONENT  ON  AN  ELECTRICAL  PRINT,  IT  IS  RE- 
QUIRED OF  THE  DRAFTSMAN  TO  PLACE  A  LEGEND.ON  THE  PKINT 
TO.  SPECIFICALLY  IDENTIFY  EACH  SYMBOL  USED  ON  THE  DRAW- 
ING. 


CONGRATULATIONS  ! ! !    YOU  HAVE  JUST  FINISHED  A  VERY  DIFFI 
CULT  PROGRAM.  IF  YOU  FEEL  YOU  WOULD  LIKE  TO  REVIEW  THE 
INFORMATION  FIRST  BEFORE  TAKING  THE  TEST,  PLEASE  DO  SO. 


NOTIFY  THE  INSTRUCTOR  WHEN  YOU  WANT  TO  TAKE  THE  TEST. 
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£0  THE  STUDENT 


Every  young  man,  sometime  in  his  life,  has  watched  a  lineman  working 
.oft  and  silently  desired,  or  at  least  wondered,  what  it.  is  like  to  work 
as  a  lineman.   Quite  often,  when  watching  an  experienced  lineman,  little . 
thought  is  given  to.  the  knowledge  and  skills  nesded  to  work  aloft. 
As  a  prospective  lineman,  you  must  be  concerned  with  climbing  knowledge 
and  skill. 

-Ttaa-io-a-Progra»r»«*H;natra  it  wllr-teach 


you  the  theory  of  pole  climbing  techniques,  as  -outlined  in  the  object- 
ives on  page  iv;  By  reading  these,  objectives,  you  will  have  a  better, 
understanding  of  the  subjects  being  taught  as  you  proceed  through  the 
program. 

Progressed  Instruction  is  a  self  -teaching  method  of  instruction,  and 
you  proceed  at  your  own  pace.   This  program  is  broken  down  into  small 
steps,  one  step  per  page.  Each  page  contains  a  small  amount  of  teach-  . 
lng  material  with  a  question  or  problem  at  the  bottom.   Once  you  have 
mate  your  response  to  the  question,  you  can  immediately  check  your 
answer  with  the  correct  answer  located  at  the  top  of  the  next  page. 
If  your  answer  is  correct,  continue}  if  your  answer  is  incorrect, 
return  to  the  previous  page  and. reread  the  information  and  correct 

the  error.  .  ,  , 

Since  the  answers  to  all  of  the  questions  found  in  thi3-  program 
are  readily  available,  it  would  be  easy  to  go  through  the  program 
filling  in  the  correct  answers.  It  is  obvious,  however,  that  it  would 
be  more  to  your  benefit  to  work  one  page  at  a  time,  in  sequence,  and 
try  to  answer  each  question  before  looking,  at  the  answers. 

Some  pages  throughout  the  program  will,*  consist  of  nothing  but 
questions.   These  are  aelf-te*t|,and  are  found  at  the  end  of  each 
objective.   These,  will  tell  you  if  you  need  further  study  in  that  ares. 

•  Ton  will  be  given  a  written  test  upon  completion  of  this  program, 
as  you  proceed  through  school,  practice  climbing  periods  will  be  ached- 
tuled  so  you  can  develope  your  climbing  skills.   Upon  entering  the 
Power  phase,  you  must  accomplish  the  terminal. objective  on  page  iv. 
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■OBJSCTIVKS  - 

UPON  COMPLETION  OF  THIS  MODULE  YOU  WILL  BE  ABLE  TO: 

i 

Climb  to  within  2  ft*  of  the  top  of  a  35  ft.  practice  pore; 
maintain  a  three  point  contact  and  belt,  off  at  the  top;  circle 
the* pole  360  degrees  conterclockvise  and  then  clockwise; 
while  observing  prescribed  procedures  and  appropriate 
safety  precautions. 


IN 


ORDER  TO  ACCOMPLISH  THIS,  YOU  MUST: 

1.  Identify,  by  name  and  purpose!  the  climbing  equipment 
commonly  used  by  a  lineman. 

2.  Select,  from  a  given  list,  the  correct  care  and  maintenance 
of  pole  climbing  equipment.  * 

3.  template  given  statements  pertaining  to  the  selection, 
adjustment,  and  inspection  of  climoins  equipment  and  ar^a. 

h.   Select,  from  a  given  list,  the  statements  that  best  describe; 
proper  climbing  techniques  while  ascending  a  pole* 

f>.   list  the  correct  procedures,  in  order  of  occurence,  for 
belting  off  on  a  pole. 

6.  list  the  correct  procedures,  in  order  of  occurence,  for 
circling  clockwise  and  counterclockwise  on- a  pole. 

7.  list  the  correct  procedures,  in  order  of  beenrance*  for 
unbelting  on  a  pole. 

8.  Select,  from  a  given  list,  the  statements  that  best 
describe  proper  climbing  techniques  for  descending  a 


TURN  TO  NEXT  PAjE 


iv 


The  linesman's  body  belt,  often  called  an  "extra  pair  of  hands", 
is  dirided  into  four  basic  parts.  It  has,  (A)  a  ^cushion  ssction 
vhich  provides  comfort  for  the  lineman;  (B)  a  belt  section  to  v 
secure  the  body  belt  to  the  lineman,  (C)  a  tool  saddle  (tool  loops) 
is  provided  for  carrying  tools,  and  (D)  two  D-rings,  one  on  each 
side,  to  ensure  a  strong  securing  point  for  the  safety  strap. 


IN  THE  SPACES  PROVIDED  dELCW,  WitlTE  IN  THE  NAME  OF  THE  BELT  PART 
WHICH  BEST  FITS  THE  PURPOSE.  GIVEN. 


/ 


1.. 

2. 


-3. 


It. 


provides  comfort  for  a  lineman. 

holds  tools  on  the  body  belt.  - 

securing  points  for  a  safety 
strap* 

secures  the  body  belt  to  the 
lineman* 

*  TURN  TO  NEXT  PAGE 
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ANSWERS: 


1.  THE  CUSHION  SECTION 

2.  '  THE  TOOL  SADDLE  (TOOL  LOOPS) 

3.  THE  D-RINOS 

lu  THE  Bfil?  SECTION 


The  safety  strap  supports  the  lineman  while  he  is  noticing  aloft, 
enabling  his  hands  to  be  free;   It  has  a  snap/keeper  cowbination 
at  each  end  and  a  buckle  assembly  is  provided  for  length  ' 
ad justmsnt. 


ANSWER  THE  FOLLOWING  QUESTIONS 

1.   The  safety  strap  provides 


for  the  lineman* 


2.   The  body  belt  serves  which  of  the  following  purposes? 

 (CIRCLE  THE  LETTER  PRECEDING  THE  CORRECT  ANSWER) . 

a«  Provides  comfort 
b«   Carry  tools 

c.  Securing  points  for  the  safety  strap 
d«  All  of  the  above 


TURN  TO -NEXT  PAGE 
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ANSKOSt 


0 


/ 


1.  SUPPORT 


/ 


2.  ® 


Climbers  are  used. to  ascend,  descend,  end  maintain  a  working 
position  on  a  pole*    Climbers  are  comprised  of  four  basic  parts t 
a.  steel  leg  iron;  a  gaff;  an  ankle  strapj  and  leg  strap. 


1*   In  the  spaces  provided  below,  list  the  four  parts  of  the 
•  climber* 


.  2.   What  is/are  the  function/a  of  the  climber? 

tCXRCIS  THE  LETTER  PRECEDING  THE  CORRECT  ANSWER/S) 

a.  JQoing  up  a  pole 

b.  Coning  down  a  pole 

c.  Maintaining  a  position,  on  a  pole 
<J.  ftwridee  comfort  on  the  pole* 


ANSWER  THE  FOLLOWING  QUESTIONS 


TURN  TO  NEXT  PAGE 
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,  ANSWERS: 

1.    LEG  IRON,  OUT,  ANKLE  STRAP,  LEO  STRAP  (IN  ANY  ORDER) 


^  Climbing  gloves  protect  the  hands  and  forearms  from  splinters 
'  and  creosote  burns.   Safety  nets  protect  against  impact  from 
'  falling  objects,  adcidental  contact  with  energized  conductors, 
up  to  20,000  volts,  and  the  elements*. 


00 


COMPUTE  THE  POLLOWKG  STATEMENTS. 

1.   Protection  for  the  lineman  is  provided  by 
snd  • 


2.   Climbers  are  used  to   *  

and  -  a  working  position  on  a  pole. 


TORN  TO  NEXT  PAGE 
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ANSWERS* 

1.    GLOVES  and  SAfBTI  HAT     (IN  EITHER  ORDER) 
'  '  2.   ASCEND,  DESCEND    &N  EITHER  ORDER) ,  MAINTAIN 


ILLUSTRATED  AT  THE  RIGHT  IS  A 
LINEMAN  OUTFITTED  FOR  CLIMBING. 
LOOK  IT  OVER  AND  STUD!  IT. 


IN  THE  SPACES  PROVIDED  BELOW,  IDENTIFY  THE  EQUIPMENT  THAT  EACH 
'LETTER;  REPRESENTS,  IN  THE  ILLUSTRATION  ABOVE: 


A. 

*. 
C. 
D. 
E. 


TURN  TO  NEXT'  PAGE 
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ANSWERS: 


A.  SAFETY -HAT 

B.  BODY  BELT 

C.  SAFETY  STRAP 

D.  .GLOVES 

E.  CLIMBERS 


WRITE  THE  LETTER  PRECEDING  .  THE .  STATEMENTS  IN  COLUMN  "B"  IN  THE 
APPROPRIATE  SPACES  IN  COLUMN  "A". 


COLMN  A 

1.  Safety  hat 

2.  Safety  strap 
•  3.  Body  belt 

Ji.  Gloves 

5.  Climbers 


COLUMN 


B 


A.  Ascend,  descend,  and  main- 
tain a  working  position  on 
a  pole.         ^  . 

B.  Gives  support  on  a  pole. 


C.   Protects  hands. 


D.  Insulation  protection  up  to 
30,000  volts. 

E.  Provides  comfort  and  tool 
loops. 

F.  .  Protection  from  falling 

objects. 


-ERIC 
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Many  parts  of  the  climbing  equipment  are  made  of  genuine 
leather  and  require  cleaning  and , dressing.     Leather  goods 
should  be  cleaned  every  3  months  and  dressed  every  6  months 
However,  excessive  moisture  and/or  perspiration  may  require 
the  leather  to  be  cleaned  and  dressed  more  frequently. 


k  > 


ANSWER  THE  FOLLOWING  QUESTION . 


1.   During.  a.,on*  yearperoid,  under  homal  workiM  ard 

gather  conditions,  C.  E.  Sailor  should  clew  aS  dress 
his  leather  goods  how  many  tiaes?  dreM 


»..  Cleaned  -  tines 
b.  .  Dressed  "  times 


TuftS'TO  NEXT  PAGE 
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ANSWERS: '' 
b.  2 


Cleaning,  the  first  step  in  care  of  leather  goods  and  synthetic 
products,  is  done  with  a  damp*  sponge  and  a  mild,  soap*     On  the 
item  to  be  cleaned,  work  up  a  thick,  creamy  lather  then  rinse 
it  with  frWsh  water  and  wipe  it  with  a  dry  cloth.     Next,  to 
keep  leather  goods  soft  and  pliable,  they  are  lathered  well' 
with  "saddle"  soap.     Work  the  lather  irfco.  the  leather,  then 
place  it  in  the  shade  to  dry.     After  the  leather  has  nearly 
dried,  rub  it  down  with  a  soft  cloth. 


NOTE:     SYNTHETIC  PRODUCTS  ARE  SUBJECT  TO  CLEANING  ONLY 


ANSWER  THE  FOLLOWING  QUESTION' 

.  1.     Which  of  the  sequence*,   listed  below,  is  the 

correct  procedure  for  cleaning  and  applying  "saddle" 
soap  to  leather  goods* 

(CIRCLE  THE  LETTER  PRECEDING  THE  CORRECT  ANSWER/S)    f;  ■ 

a.  Wash  it  with  a  sponge  and  soap,  apply  saddle  soap, 
-~        rinse,  rub  it.  down. 

b.  Wash  it  with  a 'sponge  and  soap,  rinse,  dry,  apply 
saddle  soap,   allow  it  to  dry,  rub  it  down. 

c.  Wash  it  with. a  sponge  and  soap,  rinse,  apply  saddle 
soap,  rinse  ,rub  it  "down. 


*(JRK  TO  ?JEX?  PAGE 


Dressing  for  leather  goods  is  done  only  after  cleaning  and 
saddle  soaping.     While  the  leather  is  still  damp,  apply*  a  good 
leather  dressing  or  neats-foot  oil.     Work  the  oil  or  dressing 
into  the  leather  with  your  hands.     Do  not  use  an  excessive  amount 
of  oil.  -  Excess  oil  will  saturate  the  leather,  and  weaken  i.t. 
Allow  the  leather  parts  to  dry,  in  a  cool,  shady  place  for  24. 
hours.. 


NOTE:     HEAT  DESTROYS  LEATHER 


ANSWER  THE  FOLLOWING  -  STATEMENT 

1.  In  the  space  below,  using  your  own  words,  list  the  correc 
procedure  for  cleaning  and  dressing  leather  goods. 


TUHN  TO  NEXT  PAGE 


10 

VP    -  • 


899 


1.     CLEAN  WITH  A  SPONGE  AND  MILD  SOAP,   RINSE,  WIPE  DRY-, 

APPLY  SADDLE  SOAP,  WHEN  THE  LEATHER  IS  NEARLY  DRY  RUB  IT 
DOWN,  APPLY  DRESSING  OR  NEATS-FOOT  OIL  WHILE  THE  LEATHER 
IS  DRY  FOR  24  HOURS  THEN  RUB  IT  DOWN. 
(OR  WORDS  TO  THAT  EFFECT)  „ 


Gaffs,  through  use  or  damage,  require  filing^  The  amount  of 
filing  necessary  is  determined  by  checking  it  with  a  gaff  gage 
such  aa« illustrated  below.  '  - 


COMPLETE  THE  FOLLOWING  STATEMENTS 

f  .  - 

1.  Prior  to  dressing*  leather  goods,  they  should  . 
and  ^ 

2.  ^The  amount  oi'  filing  required  on  a  gaff  is  determined 
throught  the  use  of  a     ■  •     ;  « 


,    TURN  TO  NEXT  PAGE 
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ANSWERS: 

1.  CLEAN  and  DAMP-    (IN  EITHER  ORDER} 

2.  GAFF  GAGS 


The  gaff  gage  checks  the  gaff'i  width,  thickness,  and,  cn  some 
models  the  length  and  the  shape,  of  the  shooider  near  the  point. 
The  length  -can  be  measured  with  a  rule,  and  must  be  1  l/k" 
minimumfrom  the  crotch,  to  the  point.  (ILLUSTRATION  "A")  Visual 
checks  can  determine  if  the  shoulder  near  the  point  is  proper. 
The  shoulder  should  be  about  an  1/8"  back  from  the  point. 
(ILLUSTRATION  *B") 


ANSWER  THE  FOLLOWING  QUESTIONS.    CIRCLE  THE  LETTER' PRECEDING 
TlSi .  CORRECT  ANSWER/S. 

/      1.  Which  of  the  following  item/s  do  all  gaff  gages  measure? 

a.  Width  «  . 

b.  Shoulder  at  the  point 
\             c.   Length  ' 

\    -    -    d.  Thickness 
\  a.   Gaff  angle 


/ 


2.  What  is  the  ndhimim  length  of  a  gaff? 
•  a.   1  1/8" 

b.  2"  . 

c.  1  1/2' 

d?  TURN  TO  NEXT  PAGE 
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ANSWERS: 

2.® 


Filing  of  the  gaf*%  if  necessity,  must  be -  done  in  a  definite 
wanner.    The  proper  thickness  of  a  gaff  and  the  forcing  of  the 
shoulder  is  accomplished  by  filing  the  flat  underside  •    The  filing 
is  done  in  a  straight  line  from  the  leg  ircn  to  the  point*  Width 
is  corrected  by  filing  the  sides  of./ihe  gaff  in  a  straight  line 
movement  from  the  leg  Iron  to  the  point*   NEVER  FII3  THE  RIDGE 


!•   In  your  own  vords,  state  the  method  of  filing  a  gaff. 


-    TURN  TO  -NEXT  PAGE 
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ANSWERS: 

1.    GAFFS  MUST  BE.  FILED  IS  A  STRAIGHT  LIMB  FROM  THE  LEO  IRON 
TO  THE  POINT.  %  » 

(OR  WORDS  TO"  THAT  EFFECT) 


Cillers  are  worn  only  *hen  climbing  or  on  •  P?^* 

nasi  be  removed  when  working  on  the  ground.  When not  *n  use,  the 
ankle  strap  should  be  looped  around  the  gaff  and  buckled.  This 
provides  protection  for  .the  gaff  and  you.   Climbers  are  to  be 

tored  in  a  designated  area  assigned  by  your  supervisor.  Equlp- 
o*rit,  properly  stored,  prevents  accidents  and  ados  to  the  life  of 
the,  equipment.  . 


AN9WER  THE  FOLLOWING  QUESTION 

'  1.  Which  oAhe  follbwinftseleetionsie  the  correct  sequence 


^Iz^iETTER  P^iESSG^COKlECT  ANSWER/S) 


el  Walk  overXto  the  line-  truck,  remove  your  gaffs,  and 
'  store  them  in  the  proper  place.  , 

b.  Remove  your  "gaffs  and  place  them  in  the  proper  place. 

c.  Remove  your  gaff s,  .make  them  up  properly,  and  store 
them  in  the  designated  place. 


TURN  TO  NEXT  PAGE 
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SELECT,  FROM  THE  FOLLOWING  LIST,  THE  ITEMS(S)   THAT  IS  / ARE  INCLUDED 
IN  CORRECT  CARE  AND  MAINTENANCE  OF  CLIMBING  EQUIPMENT.     CIRCEL  THE 
LETTER  PRECEDING* THE  ANSWER/S. 


a*     Clean  all  leather  goods*  , 

b.  Wear  gaffs  from  one  pole  to  another.- 

c.  Dress-  leather  goods  with'a  high  grade  of  motor  oil. 

d.  .    Apply  dressing  only  after  cleaning  leather  goods. 

e.  Never  file  the  sides  of  a  gaff. 

f.  Filing  is^done  in  a  straight  line  motion  from  the  leg  f 
iron  to  the  point. 

g.  Use  a  gaff  gage  to  check  the  width  and  thickness  of  gaffs. 

h.  Clean  leather  goods  with  mild  acid* 

i.  Apply  neat-foot  oil  to/; synthetic  goods. 

The  gaff  ridge  (backbone)  is  always  filed.      *  * 
k.  .  Store  climbers  in  designated  places. 
1.     Work  dressing  into  leather fcgoods  with  a  wire  brush. 

m.     Use  neats-foot  oil  as  a  leather  dressing. 
' n.     When  storing  climbers,  use  the  ankle  strap  to  protect 
the  ga/f .-' 

o.     Follow  all  correct  care  and  maintenance  procedures  for 
■  climbing  equipment. 


TURN  TC  NEXT  PAGE 
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Before  using  any  climbing  equipment  •  INSPECT  IT  -  ALL  OF  ITU 
You  should  check  for:,  loose  or  broken  rivets;  cracks,  nicks, 
stretching,  dry  rot,  or  tears  in  the  leather;  defects  in  snaps, 
hooks ,  buckles  and  D-rings;  worn  " leather" ;v and,  enlarged  tongue 
holes  for  belt  buckles,  _  -  *  *r  ' 


ANSWER  THE  FOLLOWING  QUESTION 

1.  \What  should  be  done  to  climbing  equipment  prior  to 
\using  it? 
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ANSWER:  - 

'l.  INSPECTION 


if-  \ 


if 


Bodv  belts,  like  all  belts,  niuso  be  fitted  to  the  incividual 
i>efore^hey  can  serve  their  purpose.    Unlike  other  belts  however 
body  /belts  have  two  Measurements:    the  2-ring  sise,  which  is  the 
distance -between  the  D-ring  heelsj  and  the  wai3t  siae,  the  dis*. 
tance  between  the  buckle  and  the  center  hole  of  the  tongue  end. 


ANSWER  THE  FOLLOWING  QUESTION 

..  1.   The  size  of  a  body  belt  is  determined  by  what  factor/s' 


TuRN  '£0  NEXT  PAGE 


ANSWER:    \<    '  W. 

I 

1.    THE  DURING  SIZE  AND  WAIST  SIZE 


a"  " 

When  selecting  a  body  bflt,  you  must  deterrJ.ne  the  B-ring  size 
and  the  waist  size  you  will  need*   Sixes  are  best  measured  with 
a  cloth  measuring  tape.    The  D-ring  size  is,>he  measured  from 
the  prominent  point  of  your  hi?  bone,  around  your  back,  to  the 
prominent  point,  on  your  other  hip  bone,  plus  lw.    The  waist  size 
is  the  measurement,  around  your  i>ody  approximately  2W  below  the 
befit  line.  All  measurements  should  be  made  over  work  clothes*. 


COMPLETE  THE  FOLLOWING  STATEMENTS 

1.    The  ^measurement  made  approximately  2n  below  the  bolt  line 
is  the  size.  » 

2*   Proper  D-ring  size,  the  distance  between  D-ring  heels,  is 
determined  by  measuring  abound  the  back  from  ______ 

to  ,t  plus        r«;    y  > 

*  -    3.    Sam  SeaBee  measured  for  his  D-ring.  size  and  the  measure- 
ment on  the  tape  was  35"  •   The  correct  D-ring  size  for 
Sam  is   .  ' 


TURN  TO  NEXT  PAGE 
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ANSWERS*  .  -  f  ■ 

1.    WAIST  * 
~  2.    PROMINENT  HI?  BONE  to  PROMINENT  HIP  BONE,  plus  lw 

3.'.  361. 


There  is  a  standardized  relationship  between  the  D-ring  size  and 
the  waist  size.   However,  if  your  measurements  do  not  coincide 
with  these  measurements',  base  your  selection  upon  your  D-ring  size, 
as  waist  size  is  adjustable. 

Tour  body  belt  is  worn  snugly,  but  not  too  tightly,  approximately 
2"  below  your  waistline  with  the  buckle  on  ycur  left  side.  When  . 
tools  are  carried  in  the  tool  loops,  no  tool  will  be  placed  in; 
tool  loop  directly  over  your  spine  -  WEVER 


COMPLETE  THE  FOLLOWING  STATEMENTS  - 

1.    Final  choice  for  .body  belt  size  should  be  based  on 

measurement. 


2.    The  body  belt  is  worn  approximately  m 
the  belt  line  with  the  buckle  on  tne 


below 
side. 


3.    Tools  are  never  carried-  in  the  tool  loop 
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ANSWERS:. 

u  d-rino 
^  2.  r  ,  xgS 


3.    DIRECTLY  OVER  THE  SPINE 


The  choice  between  leather  or  . 

synthetic  safety  straps  is  left 
■  to  the  individual.  When  not  in 

use,'  the  two  safety  "strap- snaps 

are  snapped  into  the  sine  D-ring. 

Most  right-handed  mn  and  sc*e 

lsft-handed  awn  carry  the  safety 

strap  on  the  left  side.  However, 
i  it  aay  be  w»rn  on  the  right side. 

Notice  in  the  illustration,  that 

the  doubles  end  snap  is  placed 

at  the  back  of  the  D-ring  with  the^ 

keeper  facing  out}  end  the  single 

end  snap  is  placed  in  front  of  the, 

first  snap  with  the  keeper  facing 

in.   The  safety  strap  nust  be 

carried  in  this  manner  on  the  pre- 
ferred side. 
>'* 

COMPUTE  THE  FOLLOWING  STATEMENTS 

1.  While  being  carried,  the  keeper  on  the  double  end  snap 
faces   \  • 

2.  The  single  end  snap  is  placed  in   of  the 

double  end  wap  and  single  end  snap  keeper  races  _  
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The  length  of  the  safety  strap  is  adjusted 
to  «eet  working  conditions.   However,  there 
is  a  starting,  or  basic,  length  that  can 
be  determined  for  you.   Standing  at  the  base 
of  a- pole,  with  a  body  belt  and  safety  strap 
on,  pass  the  single  end  of  the  safety  strap 
around  the  pole  and  snap  it  on  the  opposite 
D-rtng  with  the  keeper  facing  out.  Place 
both  feet  against  the  base  of  the  pole  at 
.a  90  degree  angle  and  lean  back,  Allowing 
the  safety  strap  to  support  your  body. 
In  tide  position,  attempt  to  touch  your 
finger  tip*  together  while  reaching  around 
the  pole.   Adjust  the  safety  strap  until 
this  can  be  accomplished. 


answer/complete  the  following  statements 

1.    State  how  the  starting  length  of  a  safety  strap  is 
determined. 


2.   Once  the  starting  ^length  is  established-,  it  maybe 
adjusted  to  meet  •   ^  ]** 
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ANSWERS t 
1. 


STAND  WITH  BOTH  FEET  AT'  A  90  DEGREE  ANGLE*  AT  THE  BASE 
STpOIZ     PASS  TOE  SAFETY  STRAP  AROUND  THE  POLE  AND 
SttP*  5«  THE^PPOSITE  D-RIKG*    LEAN  BACK.  ALLOWING  THE 
SfteW*SraAP  TO  HOLD  XOUR  WEIGHT.    ADJUST  THE  SAFETY 
STHAP  LENGTH  UNTILL  YOU  CAN  TOUCH  YOUR  FINGER  TIPS 
TOGETHER  WHILE  REACHING  -ROUND  THE  POLE. 
(OR  WORDS  TO  THAT  EFFECT) 

-  v 

2.   WORKING  REQUIREMENTS   (OR  WORDS  TO  THAT  EFFECT) 


Climbers  are  manufactured  in  both  fixed  anc  adjustable 
SSn^fitteT properly,  the  leg  iron  will  reich  to  about  *»  below 
%1 iSkS  of  the  knee  joint.    Fixed  climbers  must  be  . 
££S  Jor^rSrrect  fit.  -Adjustable  climjers  W  be  adjusted 
Z  removing  the  two  screws  on  the  leg  iron,  sliding  the  sleeve  up 
oT  STunta  the  proper  position  is  obtained  and  then  replacing 
the  two  screws.  *•  -  m     - — 


COMPLETE  THE  POLLOWIKG  STATEMENTS  , 

•  1.  ,  The  top  of  the  leg  iron  should  reach 
"the  •  . 


below 


2.   Adjustable  climbers  use 


screws  and  a  sliding 


to  make  various  positions  available. 


21» 
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ANSWERS: 

"  1.  PROMINENCE  OF  THE  KNES  JOINT 

2.    2±  SLEEVE 


When  fastening  the  climber  to  the 
leg,  piece  the  arch  of  the  foot 
over  the  clixber' s  saddle  with  the\ 
leg  iron  running  up  the  iri&de  of 
the  leg.   The  ankle  strap  buckle 
nust  point  toward  the  toe  of  the 
shoe  and  the  leg-  strap  buckle  must 
point  toward  the  back  of  the  lejj. 
If  the  buckles  are  reversed,  place 
the  climber  on  the  other  leg  then 
check  the  buckles  again.  ,  ', - 

NOTE*    IF  THE  STRAPS  ARE  WRONG 
EACH  TIME— —SEE  YOUR 
SUPERVISOR 


COMPLETE  THE  FOLLOWING  STATEMENTS  \ 

1.  The  distinction  between  the  left  and  right  climber  is 
based  on  the  direction  the  ouckleano  the 

...  •    buckle  point. 

2.  With  the  climber  on  the  correct  foot,  the"  , 

buckle  points  toward  the  back  of  the  leg  and  „the 


*V»  —  —   —     w  t- 

'buckle  points  toward  the  toe  of,  the  shoe. 
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ANSWKtSs  • 

1.  ANXIB  STRAP,      '1M  STRAP   (IN  EITHER  ORDER) 

2.  LEG  STRAP,  .     ANKLE  STRAP 


(  ; 


When  the  climber  is  correctly  fitted 
to  the  leg,  buckle  the  ankle  strap 
around  your  ankle  and  the  leg  iron. 
Before  buckling,  the  leg  strap,  pull 
the  pant  leg  up  and  fold  it  saoothly 
against  the  calf,  toward  the  outside 
-of  the  leg,  to  prerent  binding. 
Ankle  and  leg  straps  Should  be  snug, 
but  not  so  tight  that  circulation  is 
restricted. 


NO  RESPONSE  REQUIRED 


ERIC 
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RjBS  TO  NEXT  PACjE 


Your  gloves  should  fit  snug  to  prevent  slipping,  and  long  sleeve  < 
shirts  are  a  must  to  protect  your  arms*   Safety  hats  are  equipped 
with  adjustable  head  bands  airt  must  be  tight  enough  to  hold-  the 
hat  on  your  head  regardless  ofN  the  working,  position.   SABSTT  HATS 
are  required  to  be  worn  at  all  times  when  you  are.  on  the  pole  field  * 


AUSWER  THS  JDLLOWINO  QUESTION 

,   1.  What  is  one  piece  of'  climbing  equipment  that  must  be  worn 
at  all  times  on  the  pole  field? 


TURN  TO  NEXT  PAGE 
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ANSWER: 

1.    THE'  SAFETY  KAT 


Prior  to  climbing  a  pole,  the  pole  dad  ground  area  around  the  pole 
must  be  inspected  for  safety  haaaards.   Remove  rocks  and  other  » 
objects  from  the  area  around  the,  pole.   Pules  should  be  checked 
for  knots,  nails,  cracks,  rotted /places,  ice,  pole  steps,  aid 
foreign  objects  before  and  while  climbing* 


CCKPIETE  THE"  FOLLOWING  STATEMENTS 

1.  -  Climbing  equipment  the  __         and  must 

be.  inspected  prior  to  climbing. 

2.  The  pole  should  be  inspected  ~  and     r  : 
climbing* 

"  :  j 
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SELECT  WORDS  OR  PHRASES  FROM  THE  FOLLOt'IXG  LIST  THAT  BEST  COM- 
PLETE THE  STATEMENTS  BELOW*     EACH  SELECTION  MAY  BE  USED  MORE  THAN 
ONCE  *     WRITE  YOUR  ANSWER  IN  THE  SPACES  PROVIDED ♦ 


A*  IV! 

B.  Working  conditions 

C.  Knee  Joint 

D.  Directly  over  the  spine 

E.  Safety  hat 

F.  D-ring  ^ 

G.  Pole 

H.  Inside  of  the  leg  - 

i.  h" 

J.  Distance  from  D-ring  heel 

to  D-ring  heel 

K.  Front 

L  ♦  6H 


M,  Outside  of  the  leg 

N»  Body  Size 

0*  *Gn  the  side 

P,  3/4" 

Q»  Around 

R*  Inside, prominence' of  the 

knee  joint, 

S,  1  In 

T»  "Pole  area 

U.  Waist 

V,  Out 

W*  Inspect  it 

X  2" 


1. 

2.. 

i» 
5. 


Once  the  starting  length  of  the  safety  strap' is 
established,  it  say  'be  adjusted  to  meet  ; 
D-rwg  sixe  of  a  body  belt  xa  the 


the  leg  iron,  when  fitted  correctly,  is 
below  the   »  . 
Theoody  belt  is  worn  below  the  waist  line. 


Tools  are  never  carried  in  the  tool  loop-  . 
6.,  Before  using  any  climbing  equipment,  you  must" 


7. 
8. 
9. 

10. 
11. 


must  be  worn  at  all  times  on  the  pole 


field,* 

When  not  in  use,  the  keeper  on  the  double  end  snap  of 
the  safety  strap  faces  ^  . 

When  determining  your  body  belt  slat*  the  two  factors 
taken  into  consideration  are         ^        siie  ai^ 
_  site*.     ^  ^  '  , 

In  addition  to  climb£ng  equip»enty~the  ^ and 

*wst  be  inspected  prior  to  climbing.  - 
When  not  in  use,  the  single  end  snap  of  the  safety  strap 
cis'  placed  in  _____  of  the  double  end  snap  and*  the 
single  end  snap  keeper  faces   • 


v30 
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_  ANSWERS: 

1.  PM£,  '  ?0U:  AREA.   (IN  EITHER  ORDER) 

2,  BEFORE,     DURING  (VHIIS) 


t 
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»  » 

ANSWERS:  » 

1.  WORKING ' CONDITIONS  » 

2.  DISTANCE  fBOM  DURING  Kg£L  TO  D-R1NG  rfEEI 

3.  — Inside  iPBOMiKSNCE  or  the  esse  joint 
$.  dIrectly  over  the  SPINE 

6.  -INSPECT  IT  ~~ 

7.  SAFBTT  hat 

8.  OUT 

9.  WllST,     DURING       (in  EITHER  ORDER) 
.  10.  POES,-  POLE  AREA     (III  EITHER  ORDbk) 

'  ii.  g>  IN 

■MVMM  WWW 


9 

ERIC 
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m,m  nklll  involved  in  climbing  a  polo  can  only  be  gained  by 
practice,  practice,  and  wore  practice.   However,  this  extensive 
practice  tine  can  be  reduced  by  knowing  and  using  all  proven^ 
basic  rules  dealing  with  cliabing  positions  and  procedures. 
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^•^^?«^r«t,.hPL«i  ******  f»  *. 

5±-t  some  POI£S  DO  HOT  HAVE  HIGH  SIDES.   IS  M  CASE.jTHE  SIDE 
IOU  CUD©  IS  UP  TO  YOU. 


answer  the  following  question. 
S£e  the  letter  "preceding  the 
ahswer/s.        .  «  '  '  '  . 

...    i.   wh«t.iide  of  a  pole  should  be  climbed? 

a.  High 

.   b.  Low 

e.  Pace 

d.  Front 


CLIMB  ITHIS 
SIDE 
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ANSWER: 

i.0 


Uhen  vou  are  ready  to  start  climbing,  position 
yZZS  tTciZ  SJe  high  side  of  the  Pole  anc 
SSwi  xour  ««»  around  the  Pol*  until  your 
Unwrtipi  touch.  •  lour  arms  must  be  kept 
strSghtV  not  bent.   Note  the  distance  the 
w^i  and  the  body  *■  from  the  pole.  When 
yTare^liSin^MAIN^IN  THE  DISTANCE 

'  - 


ANSWER  THE  ALLOWING  QUESTION. 


•  i  Once  you  have  determined  the  distance  you  body  and  knees 
Sould  be  from  the  pole,  what  is  the  most  important  fact 
to  remember? 


TURN  TO  NEXT  PAGE 
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ANSWER: 


1.    WHIIE  CLIMBING,  MAINTAIN  THE  DISTANCE  CLOSELY 


The  gaff  must  be  stabcted  into  the  pole,  toward  the  heai%  (center)  , 
in  a  downward  notion  similar  to  climbing  a  step  ladder*   Your  right 
foot  is  raised,  with  your  toe  pointed  away  from  the  pole  and 
slightly  higher  than  your  heel.    3y  stepping  downward  and  toward 
the  pole,  the  gaff  will  stab  into  the  pole  near  the  center  line. 


ANSWER  THE  FOLLOWING  QUESTION*  CIRCUS  THE  LETTER  PRECEDING  THE 
ANSWER/S* 

1#   What  best  describes  the  procedure/s  for  sinking  V  gaff 
into  a  polfc? 

a*    Straight  into  the  side  of  the  pole* 
b*   Downward'  motion,  toe  level  with  "the  heel, 
c*  'Downward  motion,  near  the  centerline. 
d*    All  of  the  above 
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ANSWER: 


u© 


With  the  right  gaff  stabbed  into  the 
pole;  the  lineman  can  swing  up  and  rest 
his  full  weight  on  his  "right  leg,  lock- 
ing his  right  knee  straight.   Keep  the 
knee  and  the  body. away  from  the  pole.  ■ 


ANSWER  THE  FOLLOWING  QUESTION.. 


1.  What  are  the  key  factors  to  remember  when  stepping  up  on 
a.  stabbed  in  gaff?  1  v   6  . 
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ANSWER: 


1.    KEEP  THE  KKEE  STRAIGHT  aND  MAINTAIN  LiS  KNSE  AND  303 
DISTANCE  FROM  THE  ?OI£.    (OR  WORDS  TO  THAT  EFFECT) 

i 


Do  not  climb  with  your  arms.    Let  your 
legs  do  the  work*.  Arms  are  used  only 
for  balance.  While  climbing  up  a  pole, 
your  legs  *pushn  your  arms.  When 
right  leg  gQes^^^ys^^^^™  should 
move  up^at~the*^Setime.   This  is  the. 
"climbing  rhythm  method.  Remember, 
climb  with  ybur  legs.^ 


ANSWER  THE  FOLLOWING  QUESTIONS 

1. '  Describe  the  climbing  rhythm  method. 


2.   What  function  do  your  arms  serve  while  climbing? 
 —     ITER  PR   -  — 


(CIRCLE  THE  LETTER  PRECEDING  THE_ANSWSS^S)" 
Climbing 


I  b.    Balance  and  climbing 


\  Balance 
!  d,.    Maintaining  a  step  distance' 
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ANSWERS:    '  '    ,  • 

1.    THE  LEFT  LEG  AND  ARM  MOVE  UP  THE  POLE  TOGETHER  AND  THE 
RIGHT  LEG  AND  ARM  MOVE  UP  THE  POLE  TOGETHER.  (IN  EITHER 
ORDER) 

» 


The  next  step  is  taken  by  raising  the  left 
leg  approximately  8%  aim  the  gaff  toward 
the  centerline  of  the  pole,  toe  pointed  out, 
and  slightly  higher  than  the  heel*   Then  by 
stepping  downward,  the  left  gaff  can  be 
stabbed  into  the  pole.   The  lineman  then 
swings  up  onto  the  left  leg  until  the  left 
knee  is  locked  straight.    The  right  gaff 
can  be  broken  free  of  the  pole  by  twisting 
the  toe  away  -from  the  pole. 


ANSWER  THE 'FOLLOWING!  QUESTION 


1.  ■  What  isJthe^appro^inateTieight  of  the  step  upl 
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The  stepping  up  and  locking  stiff-legged  procedure  is  continued 

until  the  lineman  reaches  the  desired  height. 

Don't  forget  the  rhythm:   right  leg  and  arm  move  up  together, 

left  leg  and  arm  move  up  together.  ^ 

Maintain  the  knee  and  body  distance  from  the  pole. 
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FROM  THE  UST  OF  STATEMENTS  BELOW,  SELECT  THE  STATEMENTS  THAT 
BEST  DESCRIBE  PROPER  CLIMBING  PROCEDURES  AND/OR'  RUI£S.  CIRCLE 
THE  IETTER  PRECEDING  THE  AN5WER/S. 


a.  Sink  the  gaff  into  the*  sides  of  the  pole* 

b.  Use  the  climbing  rhythm  method  • 

c.  Climb  with  your  hands 

d.  Maintain  the  knee  and  body  distance  from  the  pole. 

e.  Use  your  hands  for  balance  only* 

f •    Keep  jrdur  knee  locked  straight  after  you  have  stepfped 

up  on  that  leg. 
g.    Use  a  downward  motion  to  sink  the  gaff  into  the  pole. 
h#   Take  approximately  8"  steps, 
i.   Keep:  your  knees  close  to  the  pole, 
j.   Climb  the  low< side  of  the  pole, 
k.  .  Climb  the  high  side  of  the  pole.  \ 
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ANSWERS; 
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Once  the  lineman  has  reached  the  desired  Working  height,  he 
»ut.*btlt  of?\.    "Belting  off"  means  fastening  t,he  safety  strap 
around  the  pole  so  „the  safety  strap  can  hold  the  body  weight, 
this  frees  the  hands  for  working.   Again,  there  are  proven 
procedures  for  accomplishing  this  feat,  and  strict  observance  of 
those  procedures  must  be  followed  to  insure  your  safety 


NOTE*    THE  FOLLOWING  PROCEDURES  ARE  WRITTEN  WITH  THE  LINEMAN, 
WHO  WEARS  HIS  SAFETY  STRAP  ON  THE  LEFT  SIDE,  IN  MIND. 
THOSE  WHO  "WEAR  THE  SAFETY -strap  ON  THE  RIGHT  SIDE  MOST 
MENTALLY  INSERT  THE  WORD  "RIGHT*  WHERE  "LEFT"  IS  WRITTEN 
AND  "LEFT"  WHERE  "RIGHT"  IS  WRITTEN. 

O1 


o 
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ktt*r  retching  the  working  height,  the 
"belting  off"  procedure  is  as  follows  t 
Both  feet  should  be  at  or  near  the  same 
level*   The  right /am  is  hooked  around 
the  pole  until  the  forearm  is  balancing 
the  body,  with  the  right  hand  free* 
Remember,  keep  the  knees  and  hips  away 
from  the  pole.   This,  is  accomplished 
by  pending  at  the  waist* 


1 

^answer  the  following  statement:' 

l.\  State  the  first  two  ;steps  of  the  belting  off  procedure  « 


Step  1* 
Step  2* 


V 
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ANSWER: 


1.    STEP  1.    BOTH  FEET  AT  OR  HEAR  TKE  SAME  LEVEL. 

STEP  2 • i  RIGHT  FCREA3K  BALANCINQ  THE  BODY,  WITH  THE 
RIGHT  HAND  fREE. 

(OR  WORDS  TO  THAT  EFFECT) 


Once  in  a  3  point  contact;  one  hand  and 
two  gaffs  engaged  on  the  pole,  the  liner 
man  can  proceed  'to  tne  next  step.  - 
Drop  the  left  hand  down  and  unsnap  the 
single  end  snap  of  the  safety  strap. 
Using  the  left  index  finger  to  depress 
the  keeper  on  the  snap,  it  is  easy  to 
-remove  the  snap  from  the  During. 


/•I 

4 

ii 

>\  • 

W 

r 

'V.,; 

ANSWER  THE  FOLLOWING  STATEMENT; 

1.    State  the  first  three-  steps  of  the  belting  off  procedure. 

Step  1.  -  - 

*  * 

Step  2.  ;  -   


r 


Step  3. 


? 


TURN  TO  NEXT  PAGE 


^93 


» 


ANSWER: 


1.    STBS  I*    BOTHnJHSET  A?  OR  NEAR  THE  SAME  *I£VEL. % 

STEP-2,    RIGHT  FOREARM  HAIANCLMG  THE  BODY,  WITH  THE  * 

RIGHT  HAND  FREE. 
STEP  3.    UNSNAP  THE  SINGLE  END  SMAPOF  THE  SAFETY 
STRAP  WITH  THE  LEFT  HAND.    '  *  # 

V 

(OR  WORDS  TO  THAT  'EFFECT;    '  '  ^ 


Pais  the  snap  to  the  right  hand.  Then 
balance  the  body  with  the  left  hand  and  - 
pull  the  safety  strap  around  the  pole 
with  the  right  hand.   The  strap  must  not 
be  twisted  or  turned*   Notice  in  the 
Illustration  that  the  right  hand  is  held 
pain  down  and  the  snap  is  placed  between 
the  thumb  and  index  finger  into  the  palm* 


\ 


ANSWER  THE  FOLLOWING  STATEMENTS 


1#   With  the  safety  strap  unsnapped  and  still  in  the  left 

hand,  state  thet  next  3  steps  of  the  belting*  off  proceduw. 


Step  h. 
Step  $• 
Step  6. 
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ANSWERS: 


1.    STEP  h.    PASS  THE  SNA?  TO  THE  RIGHT  HiOflK  . 

step  5.  SaLa^S  the"  body  wit:-,  the  left  hand," 

step  6.  pull  the  safety  strap  around  ths  pole  with  the 

RIGHT  HAND, 

(OR  WRDS  TG  THAT  EFFECT) 


ERIC. 


After  the  strep  is  pulled  ground  4ihe  pole, 
engage  the  snap  on  the  right  D-rlng  with 
the  keeper  feeing  out.    SEE,  FEEL,  AND 
HEAR  THE  SNAP  ENGAGE  THE  D-RXNG.  ■  ' 
The  safety  strap  is  held  horizontal  with 
the  right  hand  and  the  body  is  eased  back 
until  the*  safety  strap  bears  the  weight  of 
the  body* 


ANSWERnTHE  2CLLCWING  STATEMENT:  * 

.      \  \        '        \  '  * 

With  the  safety  strap  pulled  around  the  pole  and  still 
in  the  right  hand,  state  the 'next  3/ steps  of  the- belting 
off  procedure* 


A  , 


■A 


Step  7» 
Step  8# 
Step  9*' 


r  A, 


16 

\ 
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ANSljlBR:  • 

' '  X.    STEP  7.    ENGAGE  THE  SNA?  ON  THE  RIGHT  D-RING  WITH  THE 


STEP-8r~H(ft5  THE  SAF&TY  'StW  HORIZONTAL  WITH  THE  RIGHT 
HAND.  ' 


STEP  9.  •  EASTTHE  BODY  BACK  UNTIL  T^E  SAFETY  STRAP  IS 

riPLBHte  thB  SodY  WBlGrit. 

:  ! 


i 
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IN  THB  SPACE.  3SIDW,  UST,  IK  05DER  OF  0CCU8AN&,  THE  NINE  STEP 
PROCEDURE  FOR  BELTING-  OFF. 


STEP  1. 


i 


STEP  2. 
STEP  3. 
STEP'U. 
STEP  5. 


-  V 


I. 


'Q 


STEP  6. 


STEP  7. 

1 


1 


STEP  8. 

v 

I 


4i 


TURN  TO  NEXT  PAGE 
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A:. 


a  t  EET  AT  OR  NEAR-  THE  SAME  LEVKfl. 


S*EP  i'         RIGHT  FOREARM  BALANCING  THE  BOnv.   WITH  THE 
RIGHT  HAND  FREE.  :  '  at 

STEP   3'     !     UNSNAP  THE  JINGLE  END  SNAP  OF  THE  SA7ETY  STRAP 
WITH  THE  LEFT   HAND.  .    oA^fc-TY.  STRAP 

STEP   4'  PASS  THE  SNAP  TO  THE  RIGHT  HANn . 

STEP  BALANCE  THE  BODY  WITH  THE  LEFT  HAWnl 

STEP  6*  .  r?ghtthLdafety  STRAP  ARmtwrr  T"g  mhjm&iM 

if  7*    .     g^g  ^^n?N  RIGHT  rc-RTNO  WITJLTHE 


STEP  8. 


HOLD  THE  SAFETY  STRAP  HORIZONTAL  WTTH  THE  RIGHT  w  A Mn 


STEP  9'         EASE' THE  BODY  BACK  UNTTL  THE  SAFETY  stpap  is 
HOLDING  THE  BODY  ,WEIRRTT   ~" T"   lb 

(  OR  WORDS  TO  THAT.  EFFECT)  .  .. 

i  .  \  1 


\ 

TURN 'TO  NEXT  PAGE 
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Quite  often,  after  belting  off ,  it  oecotnes  necessary  to,  shift 
cSctodse  or  counterclockwise  from  the  orginal  P«"i<>n-  £■» 
shif 3^  clockwise  or  counterclockwise,  both  hands^ should  be 
^  wflty  strap.  The  left  hand  grasps  the  left  side  and  the 
Ttf  t  hand  grasps  the  right  side  of  -the  safety  tstrap. 


ANSWER  THE  FOLLOWING  QUESTION?  . 

•   1.   What  is  the  first  step  in  circling  a  pole  counter-- 
clockwise  or  clockwise* 


5T7 


ANSWER: ' 

1.    STEP  1. 


BOTH  HANDS  SHOULD  v£  ON  THE  SAFETY  STRAP. 


o 

ERIC 


.1 


Whan  circling  clockwise  (to  the  left),  the. 
right  gaff  is  stabbed  into  the  pole  approx- 
imately h"  abore  and  k"  to  the  right  of  the    ma   ,  . 
ieft  gaff*    Stepping  up  on  the  right  leg  and  j*n  '!W  1  V 
pulling  the  left  £aff  loose,  the  body  is 
swung  to  left  approximately  6". 


ANSWER  THE  FOLLOWING  QUESTION: 

\  1.   When  circling  a  pole  to  the  left,  what  are  the  3  steps 
taken  after  the  lineman* has  both  hands  on  the  safety 
strap? 


Step  2. 
Step  3» 
Step  h. 


i 


x 


■  % 


v 

TURN  TO  NEXT  PAGE 
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ANSWER: 


step  2.  STAB  THE  RI3HT  Gkfi  INTO  Jffi  POLE  U"  A^OVZ 

1#  SSV  g  g  Rite?  OF  THE  gggE  \ 

STEP  3.  STEP  UP  OK  THE  RIGHT  OAFF  AND  PULL  THE  LEFT\ 

•    *  OAF?  iOOSfe. 

STEP  U.  SWING  THE  BODY  6"  TO  THE  ISFT.  • 


1  I 


\ 


After  swinging  approximately  6« ta  tte 
left,  the  lineman  locks  his.left  knee 
straight  and  bends  the  right  knee. 
The^left  gaff  is,  scabbed  into  the  pole 
6"  to  the  left  and  h*  below  the  right 
gaff.   Body  weight  is  sufficient  force 
to  drive  the  gaff  hone. 


aIswer  the  fc 


1. 


FOLLOWING  QUESTION: 

After' the  body  isi swung  6"  to  the  left,  what  are  the 
next  2  steps  in  circling  to  the  left^ 


Step  5. 


Step  6. 


52 


TURN  Tp  NEXT  PAGE 
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ANSWER* 


1.    STEP  5.    LOCK  THE  LEFT  KNEE  STRAIGHT  AND  BEND  THE 

jggff  MS.  — — 

STEP  6.    STAB3  THE  LEFT  GAFF  INTO  THE  POLS  6W  TO  TKE 

mrm  g  sgra  gs  gow  qat?: — — 


Ai  the  lineman  moves  around  the  pole,  he  must  also  I  slide  the 

safety  strap  around  the  pole.  Mien  moving  to  the  left,    the  i 

right  hand  pulls  the  safety  strap  to  the  right.    This  also 

helps  the  suing  procedure. 

•  !       '  : 

NOTE:       .REPEATING  THE  PREVIOUS  STEPS  CONCERNED  WITH  CIRCLING  THE 

POLE  CLOCKWISE,  THE  LINEMAN  CAN  REACH  THE  DESIRED  POSITION 
AND  PROCEED  TO  DO  THE  ASSIGNED  TASK. 


I. 


ANSWER. THE  FOLLOWING  QUESTION! 

l.(   After.  |he  left  gaff  is  stabbed,  back  into  fhe  polej 
what  is  the  last  step  in  circling  a  pole  to  the  left? 


Step  7.  ;     ■  \ 


\.  •  ■  \ 


\ 


TURN  TO  NEXT  PAGE 


ANSWER:  ■ .  - 

1.    STEP  ?.    THE  Bl'GHT  'HAND  PULLS  Ttfe  SA5ETY  STRAP  TO  THE 
1    RIGHT.'      :  1 


Circling  the  pole  counterclockwise  is  accomplished  by  following 
the  7  steps  for  circling  clockwise  except- all  rights  are  lefts 
and  all  lefts  are  rights. 


—4 


■  ANSWER  THE  FOLLOWING  QUESTIONS 


1.    Stab  the  left  gaff  itito  the  pole  6"  to  the  left  and 
h"  below  the  right  giff  is  step  6  of  circling  a  pole 
clockwisel    How  would  step  6  read  if  it  was  written 
for  circling  counterclockwise? 


TURN  TO  NEXT  PAGE 


913  ! 

■\ 


ANSWER: 


!.    STAB  THE  RIGHT  QAFF  INTO  THIS  POIF,  0"  TO  THS  RISKT  ATO 
Lh  BELOW  THE  ISTT  GH7K.  "" \ 


■  1 


i. 


\  / 

ANSWER  THE  FALLOWING  STATEMENT  AND  QUESTION:  '     (    ■  \ 

t   1.     IN  THE  SPACE  BELOW, *  LIST,  . IN  ORDER  OF  OCCUkANCE,  THE  SEVEN 
I  STEP  PROCEDURE  FOR  CIRCLING  A  POLE  CLOCKWISE, 


STEP  1. 
STEP  2. 


STEP  3. " '  \ 


STEP  it. 
.STEP  5. 
STEP  6. 
STEP  7. 


\ ' 


2.     "WHAT  IS  THE  DIFFERENCE  BETWEEN  CIRCLING  A  POLE  COUNTER- 
CLOCKWISE AND  CLOCKWISE? 


'  \ 


\ 


T'JHJf  TO  NEXT  PAGS 


\  • 
\ 


'  V.  ,  .'  'sis  \  •  \ 


V 


ANSWEaS: 

1.     STEP  1.     BOTH  HANDS  SHOULD  BE  ON  THE  SAFETY  STRAP. 

,     ■  — L  _ 

STEP  2.     STAB  THE  RIGHT  GAFF  INTO  THE  POLE  A"  ABOVE 
AND  4"  TO  THE  RIGHT  OF  THE ' LEFT  GAFF . 

—  ;         -         -  * 

STEP  3.     STEP  UP  ON  THE  RIGHT  GAFF  AND  PULL  THE  LEFT 
GAFF  LOOSE.  ^ 

STEP  4.     SWING  THE  BODY  6"  TO  THE  LEFT. 

;   "     .       STEP  5.     LOCK  THE  LEFT/  KNEE  STRAIGHT  AND  BEND  THE 
.  ■    -RIGHT  KNEET     1  '■  !  \ 

STEP  6.     STAB  THE  LEFT  GAFF  INTO. THE  POLE  6"  TO  THE 
LEFT  AND  4"  BELOWTHE  RIGHT  GAFF. 

STEP  7.     THE  RIGHT  HAND  PULLS  THE  SAFETY  STRAP  TO  THE 
-  RIGHT . 


A 


2       THE  PROCEDURE  IS  THE  SAME  EXCEPT  THAT  ALL  RIGHTS  ARE 
LEFTS  AND  ALL  LEFTS  ARE  RIGHTS.       ^        _  .  . 

•     \  • 

\ 


\ 
\ 


\  1 


A  T'JRN  TO  NEXT  FAGS 


\ 

\ 


/ 


^  1  -    •  '  ■  «V   •  J  LA. 


\ 


\ 


Having  completed  the  task  aloft,  the  lineman  must  unbelt  and 
descend  the  polfe.     Once  again,  care'Wust  be  taken  to  ensure 
safety.  %  i     %  ,.  *  \ 

The  left  forearm  balances  the  body  and  the  left  hand  is  free 
Maintain. the  hip  and  knee  distance  from  the  pole. 


ANSWER  THE  i 
.    1.  ,%Stl 


1     '  XSWER  THE  FOuEmZNG.  STATEMENT: 

!     '     •    ^  -  l 
bate  the  first  step  of  the  unbelting  procedure. 


i 


Step  1 


58 
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ANSWER: 


1.  jSTEP  1. 


THE  LEFT  FOREARM  BALANCES  THE  BODY  AND 
*THF  T.EFT  HAND  IS  FREE'. 


-±3 


-  O 

ERLC 


i  * 

The  right  hand  is  dropped  to  the  right  D-ring 
•and  unsnaps  the  safety  strap.   The  hand  musvfce' 
routed  counterclockwise  so  the  thua'c  can 
Repress  the  keeper.;  \3EE  ILLUSTRATION  ON  THE  .  ~ 
1RIGHT)  "The  safety  strap  is  then  passed  to  ) 
the  left,  hand.     ■  \  '  ■f-C  ') 


X 


ANSWER 


ER  THE  IfO: 


itLCWIHG  STATEMENT  t 


le    Number  We  following  3  steps  as  they  would  occur  in 
the  unbelting  procedure. 

Step  «  Pass. the  Safety  strap  to  the  left  hand. 

\  Step 


Step 


The  left  forearm  balances  the  body  and  the 
left  hand  is  free* 

The  right  hand  unsnaps  the  safety  strap* 

,TURN  TO  NEXT  PAGE 
59  ,  •  « 
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ANSWERS 

1#   STEP  3 

STEP  _  1 
S?EP  2 


When  rfe^eiving  the  safejty  strap,  .the 
left  hand  is  held  palm  down.  The 
safety  s'trap*is  placed  into  the  palm  of 
the  left  hand  with  the  keeper 
facing  up  and  the-snap  pointing 
'toward  the  lineman.     Once  the  strap 
is  in  the  left  hand,  the  right 
hand-  is  used  to  balance  the  body 


AN  S WE3^THE_F OLLOWI NG  QUESTION: 

What  is  the  next-T^^T^r-T^a^^^  Mr«W-*tr*P 


1. 


to  the  left  hand? 
Step  4.    ,  ,„.  |    


TURN  TO  NEXT  PAGE 


ANSWER:  '..*'■ 

-  1.    STEP  li.    USE  THE  RIGHT  HAND  TO  BALANCE  THE  BODY.       -  •/  ' 

1         11  '  v. 


Once  the  right  hand  is  balancing  the  body, 
the  left  hand  can  carry  the  strap  around 
the  pole,  back  to  the  left  side  D-ring, 
and  engage  the  snap.   Vae  snap,  with  the 
keeper  facing  in,  is  engaged  in  front  of  " 
the  other  snap.   Both  snaps  should  now  be 
back  in  their  original  position. 


ANSWER  THE  FOLLOWING  QUESTION} 


1.   What  are  the-  next  two  steps  taken  after  passing  the 
strap  to  the,  left  hand?    4.   — 


Step  iw 


Step  5. 


TURN  TO  NEXT  PAGE 
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ANSWERS: 

1.  .STEP  U.    USE  THE' RIGHT  HANS  TO  BALANCE  THE  bCDY. 
STEP  5.    ENGAGE  THE  SNAP  ON  THE  LEFT  DIKING. 


TURN  TO  NEXT  PAGE 
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IN  THE  SPACE  BELOW,  LIST,  IN  ORDER  OF  OCCURANCE,  THE  FIVE  STEP 
PROCEDURE  FOR  UNBELTING.  # 

■  STEP1. 


STEP  2. 


STEP  3. 


STEP  lu 


STEP  .«?♦ 


4 


TURN  TO  NEXT  PAGE 
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AS5WERS: 


STEP  1.  THE  LEFT  FOREARM  BALANCES  THE  BODY  AND  THE  LEFT  HAND 
IS  FREE. 

STEP  2.  THE  RIGHT  HAND  UNSNAPS  THE  SAFETY  STRAP-. 
STEP  3.  PASS  THE  SAFETY  STRAP' TO  THE  LEFT  HAND. 
STEP  4.  USE  THE  RIGHT  HAND  TO  BALANCE  THE  BODY. 
STEP  5.  ENGAGE  THE  SNAP  ON  THE  LEFT  D-RING. 


r 


TURN  TO  NEXT  PAGE 
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After  the  safety  strap  has  been  secured,  the  lineman  is  pre- 
pared to 'actually  descend  the  pole. 

NOTE i,     THE  FOLLOWING  SEQUENCE  IS  WRITTEN.  WITH  THE  RIGHT  LEG 
'     TAKING-  THE  FIRST  STEP  DOWN.     HOWEVER,   IN  ACTUAL 
PRACTICE,  YOU  MAY  START  WITH  EITHER  LEG. 


NO  RESPONSE  REQUIRED : 


-Shifting  the  weight  to  the  left  leg 
enables  the  lineman  to  disengage  his 
right  gaff* from  the  pole..  His  right  leg 
is.  locked  straight  and  the  right  hand  moves 
down  the  pole,  along  with  the  right  leg.-  As/ 

.his  right  hand  moves  down,  the  left  knee  is 
bent,  and'  the  right  gaff  is  stabbed  into  the 
pole  approximately  8"  below  and  4"  to  the 
right  of  the, left  gaff. 


ANSWER  THE  FOLLOWING  STATEMENT: 

1.   State  how  and  where  the  right  gaff  is  3tabbed  into 
the  pole. 


TORN  TO  NEXT  PAGE 
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ANSWER: 


1.    KNEE  STRAIGHT  — —  8*  BELOW  AND  a*"  TO  TrfE  RIGHT  OF  THE 
LEFT  GAFF. 

 (PR  WORDS  TO  tHAT  EFFECT)  *  '~:v 


After  the  right  gaff  is  stabbed  into  the 
pole*  the  left  gaff  can  be  broken  free 
by  allowing  the  left  knee  to  fall  away 
from  the  pole* 

The  left  leg  is, then  locked  straight 
and  the  left  hand  movers  down  the  pole, 
along  with  the  left  leg.—  The  left  gaff 
is  stabbed  into  the  pole  8"  below  and 
h*  to  the  left  of  the  right  gaff . 


ANSWER  THE  FOLLOWING  QUESTION: 

1.  Which  of  the  following  statements     is/are  true  when 
descending  a  pole?   

(CIRCLE  THE  LETTER  PRECEDING  THE  CORRECT  ANSWER/S) 


a.  Left  hand  moves  down  witfr"  the  right  hand. 

b.  Right  hand  mores  down  with  the  left  foot, 
o.   Left  hand  moves  down  with  the  left  foot. 


TURN  TO  NEXT  PAGE 


ANSWERs- 
•     I-  © 


The  previous  procedures  ere  repeated,.  Alternating  right  to  left, 
until  the 'lineman  reaches  the  base  of  the  pole* 


NO  RESPONSE  REQUIRED 


I 


TURN  TO  NEXT-  PAGE 
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SELECT  FROM  THE  FOLLOWING  LfST,  THE* STATEMENT/S  WHICH  BEST 
DESCRIVE  THE 'PROPER  CLIMBING  TECHNIQUES  WHILE  DESCENDING  A 
POLE.     CIRCLE  THE  LETTER  PRECEDING ■ THE  ANSWER/ S . 


a. 
b. 

c. 
d. 
e  • 
f . 


The  length  of  the  step  down  is/approximat ely  6". 

Whfen  taking  a  step  down- with  the  right  leg,   the  gaff*  is 
stabbed  into  the  pole  4"  to  the  right  and  8"  below  the 
left  gaff*- 

The  right  hand  moves  up  with  the  right  foot.,  4 

The  leg  is  straight  when  the  gaff  stabs  into  the  pole. 

The  left  hand  moves  down  with  the  left  leg. 

The  right  hand  moves  down  with  the  left  hand. 


1 4 


TURN  TO  NEXT  PAGE 
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ANSWER:  • 

©  ®  © 


bo  b  ■ 
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TURN  TO  NEXT  PAGE  ' 


70 


953 


THAT'S  ALL  J  ! 


CONGRATULATIONS   J  ! 


* 

Now  that  you  have  completed  this  progran,  see  your  learning 
supervisor  for«,the  'Post.-Test  on  this  progran.     After  you 
complete  the  Post  Test,, turn  this  page. 


TURN  TO  NEXT  PAGE 
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CONGRATULATIONS  AGAIN 


t  t  t  i 


\ 


•  See  your  learning  -supervisor  for  the  film  CLI  001  "CLIMBING 

WITH  CONFIDENCE" .                      ' '  '   '          N  '  ' 

As  you  watch  this  film,  you  will  notice  that  some  of  the 

measurements  differ  with  those  taught  in  the  program. '  However,  there 
is  a  certain i amount  <of  flexability  and  for  CE  School  purposes  you 
must  use  our  program  measurements.  „ 

'  ■  '■  ' 

. .  NOW  LET* S  SEE  THE  FILM! !  *  . 
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PREFACE 

*  * 

The  purpose  of  this  manual  is  to  provide  naval  personnel  with  an  in- 
formative handbook.  It  contains  data  pertinent  to  a  variety  of  tools  and 
may  be  used  as  a  supplement  to  other  training  manuals. 

"  The  satisfactory  performance  of  modern  technical  equipment  used  by 
the  Navy  depends,  to  a  great  extent,  upon  adherence  to  approved  mainte- 
nance procedures  and  the  proper  use  of  the  correct  tools. 

The  objectives  of  this  manual,  then,  are  to  aid  in  the  maintenance  ef- 
fort by 

•  (a)  providing  descriptions,  general  uses,  correct  operation,  and  ap- 
proved maintenance  procedures  for  those  handtools  and  power  tools 
commonly  used  in  the  Navy. 

(b)  indoctrinating  all  personnel  engaged  in  maintenance  work  with  the 
importance  of  good  workmanship. 

(c)  preventing  and  minimizing  personal  injury  and  equipment  damage 
by  emphasizing  good  safety  practices.  ■ 

Upon  completion  of  this  manual,  you  should  be  able  to  identify  tools 
and  fastening  devices  by  their  correct  names;  cite  the  specific  purposes 
and  uses  of  each  tool;  describe  the  correct  operation,  care  and  mainte- 
nance required  to  keep  the  tools,  in  proper  operating  condition;  and 
finally,  perform  accurate  measurements. 

Chapter  1  describes  Impact  tools  (hammers,  mallets,  ^and  sledges), 
twisting  tod  turning  tools  (wrenches  and  screwdrivers)  woodcutting  tools 
(wood  saws,  planes,  wood  chisels),  metal  cutting  tools  (chisels,  dies, 
drills,  files,  hacksaws,  punches,  reamers,  taps),  holding  tools  (clamps, 
pliers,  and  vises),  miscellaneous  tools  (knives,  mechanical  fingers,  in- 
spection mirrors), "safety  equipment  (gloves,  goggles,  hard  hats),  and 
safety  rules.  v 

Chapter  2  describes  pneumatic  and  electrically  powered  tools.  Drills, 
sanders,  grinders  and  scalers  are  some  of  toe  tools  discussed. 

Certain  tools  are  especially  useful  for  measuring  purposes.  For  this 
reason,  rules,  tapes,  calipers,  micrometers  and  squares,  together  with 
techniques  for  using  them  are  placed  in  Chapter  3. 

Although  fasteners  are  not  properly  classified  as  tools,,  they  are  used 
extensively  with  tools.  Chapter  4  describes  such  fasteners  as  bolts, 
cotter  pins,  nails,  nuts,  rivets,  screws,  special  speed  fasteners  (Dzus 
and  Camloc  types),  and  several  methods  for  safetying  some  of  these 
compofietttsr~~  ~  r  — —  - — —    -  : — :  —  

Chapter  S  discusses  abrasive  wheels  and  methods  for  grinding  and 
sharpening  chisels,  drills,  punches,  and  snips.' 

Metal  cutting  operations  using  the  chisel,  drill,  reamer  and  several 
types  of  thread  cutters  are  described  in  Chapter  6. 
.  The  final  chapter  describes  miscellaneous  tasks  the  student  may.  en- 
counter. These  include  bending  and- flaring  tubing,  removing  broken 
bolts,  studs  and  taps,  stripping  insulated  wire,  and  several  soldering 
techniques  and  lubrication  procedures. 

As  one  of  the  Navy  Training  Manuals,  this  book  was  prepared  by  the 
Training  Publications  Division,  Naval  Personnel  Program  Support  Activ- 
ity, Washington,  D.C.,  for  the  Bureau  of  Naval  Personnel. 

Special  assistance  has  been  rendered  by  various  Navy  personnel  spe- 
cially cognisant  of  the  handtools  and  portable  power  tools  used,  and  the 
work  operations  in  which  they  are  chiefly  employed. 
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THE  UNITED  STATES  NAVY 

GUARDIAN  OF  OUR  COUNTRY 

Tht  United  States  Navy  is  rtsponsiblt  for  maintaining  control  of  tht  sta 
and  is  a  ready  forct  on  watch  at  homt  and  overseas,  capable  of  strong ' 
action  to  prtstrvt  tht  ptact  or  of  instant  off tnsive  action  to  win  in  war. 

It  is  upon  tht  maintenance  of  this  control  that  our  country's  glorious 
futurt  dtptnds;  tht  United  States  Navy  exists  to  makt  it  so.  J 


WE  SERVE  WITH  HONOR 

Tradition,  valor,  and  victory  art  tht  Navy's  htritagt  from  tht  past.  To 
these  may  be  added  dedication,  discipline,  and  vigilance  as  the  watchwords 
of  the  present  and  the  future. 

At  home  or  on  distant  stations  we  serve  with  pride,  confident  in  the  respect 
of  our  country,  our  t  hipmates,  and  our  families, 

Our  responsibilities  sober  us;  our  adversities  strengthen  us. 

Service  to  God  and  Country  is  our  special  privilege.  We  setve  with  honor. 

THE  FUTURE  OF  THE  NAVY 

The  Navy  will  always  employ  new  weapons,  new  techniques,  and 
greater  power  to  protect  and  defend  the  United  States  on  the  sea,  under 
the  see,  and  in  the  air. 

Now  and  in  the  future*  control  of  the  sea  gives  the  United  States  her 
greatest  advantage  for  the  maintenance  of  peace  and  for  victory  in  war. 

Mobility,  surprise,  dispersal,  and  offensive  power  are  the  keynotes  of 
the  new  Navy.  The  roots  of  the  Navy  lie  in  a  strong  belief  in  the 
future,  in  continued  dedication  to  our  tasks,  and  in  reflection  on  our 
heritage  from  the  past 

Never  have  our  opportunities  and  our  responsibilities  been  greater. 


9S4 

in  .   


r 

CONTENTS 

.  CHAPTER 

Page  " 

1. 

— ■  2: — — 

Common  Handtools   

3. 

Measuring  Tools  and  Techniques  

A  f 

4. 

Fastening  Components  and  Procedures  ...... 

• 

\ 

*. 

*  * 

6. 

Metal  Cutting  Operations  

7. 

Miscellaneous  Tasks  

4 

INDEX    .  , 

V 

4 

1 

1 

t  y 

*  * 
* 

*  •* 

» 

# 

-   ■  ■ 

i 

9GS 

,  ERjC  -  • 


CREDITS 


Illustrations  Indicated  beiovTa^lncl^ed^ 
designated  companies  and  publishers.  Permission  to  use  these  iih  stra- 
tions  is  gratefully  acknowledged. 

SOURCE  FIGURE 

Buckingham  Mfg.  Co.  6-28 

General  Motors  Corp.  1-7  ■ 

Imperial  Brass  Mfg.  Co.  6-36  \ 

6-  40 

7-  1 

.  7"3. 

Rockwell  Mfg.  Corp.  2-6 

2-7  > 
2-8  \ 
2-11 

IngersoU-Rand  Corp.  2-14 
■  *  2"18 

Clereland  Twist  DrlU.Co.  1-41 


New  York  State  Education  Dept.  1-21. 

1-22 

Eugene  Dletsgen  Co.  3-72 
Delmar  Publishers  Inc.  4-5 


lv 


SUGGESTIONS  FOR  USING  THIS  BOOK 


Many  people  do  not  know  how  to  study.  The  following  suggestions 
might  improve  your  study  habits  and  enable  you  to  learn  more  from  this 
book.  \ 
•  flpt  up  a  regular  study  plan.  It  will  probably  be  easier  for  you  to  stick  \ 

to  a  schedule  if  you  can  plantf>  study  at  the  same  time  each  day.  If  ' 
— possible>,schedulejo_uiL,8tudying  for  a  time  of  day  when  you  will  not 

have  too  many  interruptions  or  distractions.    1  :    "  v 

e  Before  you  begin  to  study  any  part  of  the  training  xnaaual  intensively, 
become  familiar  with  the  entire  book.  Read  the  preface  and  the  table 
of  contents.  Check  through  the  index.  Thumb  through  the  book  with- 
out any  particular  plan,  looking  at  the  illustrations  and  reading  bits 
here  and  there  as  you  see  things  that  interest  you.  - 
e  Look  at  the  "training  manual  in  more  detail,  to  see  how  it  is  organized. 
Look  at  the  table  of  contents  again.  Then,  chapter  by  chapter,  read 
the  introduction,  the  headings,  and  the  subheadings.  This  will  give  you 
a  pretty  clear  picture  of  the  scope  and  content  of  the  book.  As  you 
look  through  the  book  in  this  .way,  ask  yourself  some  questions:  What 
-  do  I  need  to  learn  about  this?  What  do  I  already  know  about  this?  . 
How  is  this  information  related  to  information  gtven'in  other  chap- 
ters? How  is  this  information  related  to  the  qualifications  for  ad«* 
vancement  in  rating? 
e  When  you  have  a  general  idea  of  v<hat  is  in  the  training  manual  and 
how.it  is  organized,  fill  in  the  details  by  intensive  study.  In  each 
study  period,,  try  to  cover  a  complete  unit-It  may  be  a  chapter,  a 
section,  of  a  chapter,  or  a  subsection.  The  amount  of  material  that 
you  can  cover  at  one  time  will  vary.  IT  you  know  the  subject  well,  or 
if  the  material  is  easy,  you  can  cover  quite  a  lot  at  one  time.  Diffi- 
cult or  unfamiliar,  material  will  require  more  study  time, 
e  In  studying  any  one  unit-chapter,, section,  or  subsection-write  down 
.  the  questions  that  occur  to  you.  Many.pteople  find  it  helpful  £o  make  a 
written  outline  61  the  unit  as  they  study,  or  at  least  to  write  down  the 
most  important  ideas, 
e  As  you  study,  relate  the  information  in  the  training  manual  to  the 
knowledge  you  already  have.  When  you  read  about  a  process,  a  skill,  ~ 
,  or  a  situation,  try  to  see  how  this  information  ties  in  with  your  own 
past  experience. 

e  When  you  have  finished  studying  a  unit,  take  time  out  to  see  what  you 
have  learned.  Look  back  over  your  notes  and  questions.  Maybe  some' 
of  your  questions  have  been  answered,  but  perhaps  you  still  have  some 
that  are  not  answered.  Ask  one  of  your  senior  petty  officers  or  ship- 
mates for  assistance.  Without  looking  at  the  training  manual,  write 
down  the  main'  ideas  that  you  have  gotten  from  studying  this  unit. 
Don't  just  quote  the  book.  If  you  can't  give  these  ideas  in  your  own 
words,  the  chances  are  that  you  have  not  really  mastered  the 
information. 

•.  Think  of  YOUR  future  as  you  study  Navy  Training  Manuals.  You  are 
working  for  advancement  to  third  class  or  second  class  right  now,  but 
someday  you  will  be  working  toward  higher  rates.  Anything  extra  that 
you  can  learn  now  will  help  you  both  now  and  later. 


•  H  you  desire  information  about  a  specific  tool  or  operation,  simply 
refer  to  the  index  at  the  alphabetical  end  of  the  book  and  then  turn  to 
the  pages  to  which  you  are  directed  by  that  index. 

Always  keep  in  mind  that  a  knowledge  of  the  tools  and  their  funda- 
mental uses  is  the  preliminary  step  in  mastering  the  basic  handtool 
skills.  The  next  step  is  careful  practice  until  you  have  mastered  the 
various  skills  involved.  The  end  result  must  W  that  you  become  capa- 
ble of  performing  required  operations,  and  of  meeting  the  standards  es- 
tablished in  your  rating  qualifications.  To  accomplish  this  final  result, 
you  must  first  STUDY  the  tools  and  skiUsjthen,  you  must  PRACTICE 
the  skills;  and  finally,  you  must  DEMONSTRATE  the  skills. 


Or 
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CHAPTER  1 

COMMON  HANDTOOLS 


•  Tools  are  designed  to  make  a  Job  easier  and 
enable  you  to  work  more  efficiently.  Tools  are 
a  craftsman's  best  friend.  (A  craftsxkn  is  a 
master  of  any  one  of  a  number  of  trades  such 
as  a°  machinist,  carpenter,  hull  technician, 
builder,  or  steelworker.)  If  the  tools  are  not 
used  properly  or  cared  for,  their  advantage* 
will  be  lost.  Without  them  a  craftsman  is  as 
helpless  aa  he  would  be  without  his  eyes.  In 
fact,  he  would  be  more  helpless,  for  a  blind 
mechanic  or  craftsman  skilled  in  the  use  of 
good  .tools  and  haying  them  available,  can  do 
moire  than  the  most  expert  mechanic  without 
tools.  ,  * 

Regardless  of  the  type  of  work  to  be  done,  a 
craftsman  must  have,  choose*  and  use  the  cor- 
rect tools  in  order  to  do  his  work  quickly,  ac- 
curately, and  safely.  Without  the  proper  tools 
and  the  knowledge  of  bow  to  use  them,  he  wastes 
.time,  reduces  his  efficiency,  and  may  even  in- 
jure himself.  This  chapter  explains  the  spe- 
cific purposes,  correct  use,  and  proper  care  of 
the  more  common  tools  you  may  encounter  in 
your  Jfevy  career. 

THE  MOST  VALUABLE  TOOLS 
IN  THE  WORLD  • 

What  would  you  pay  for  THE  MOST  VALU- 
ABLE TOOLS  IN  THE  WORLD?  These  tools 
can  help  you  grip,  grasp,  push,. twist  and  help 
you  operate  equipment.  Furthermore,  these  re- 
markable tools  can  distinguish  temperature 
variations  and  are  sensitive  to  touch.  It  Is  im- 
possible to  purchase  such  tools  . . .  they  are 
your  HANDS. 

These  fabulous  tools  are  subject  to  Injury  by 
being  caught . in  machines ,  crushed  by  objects, 
or  cot  by  a  variety  of  sharp  edged  tools  such  as " 
chisels,  knives,  or  saws.  Additionally,  your 
"hania  can  be  damaged  by  being  burnt,  frac- 
.  tared  or  sprained  unless  you  are  always  alert. 

Why?  Because  they  caqoot  THINK  for  them- 
selves. PROTECT  THEM.  They  are  Invalu- 
able. KEEP  ALERT  while  you  work.  THINK  as 
you  work..  THINK  before  you  make  adjustments 
to  machinery.  Has  the  electric  power  been 


turned  off?  Are  the  required  guards  on  the  ma- 
chinery? Is  the  object  on  which  you  are  going 
to  work  properly  secured  and  clamped? 

Protect  your  hands  from  Injury  as  directed 
by  the  applicable  safety  Instructions  whenever 
you  use  tools.  You  will  be  working  under  se- 
vere handicaps  without  the  full  use  of  both 
hands.  Make  It  a  habit  to  FOLLOW  ALL 
SAFETY  RULES. 


TEN  COMMANDMENTS 

Obey  the  ten  commandments  of  safety: 

1.  LEARN  the  safe  way  to  do  your  job  be- 
*  fore  you  start. 

2.  THINK  Safety,  and  ACT  safety  at  all 
times." 

3.  OBEY  safety  rules  and  regulatlons-they 
are  for  your  protection. 

4nr  WEAR*  proper  clothing  and  protective 
equipment. 

.    .5.  CONDUCT  yourself  properly  at  all 
times-horseplay  Is  prohibited. 

6.  OPERATE  only  the  equipment  you  are 
authorized  to  use. 

7.  INSPECT  tools  and  equipment  for  safe 
condition  before  starting  work. 

8.  ADVISE  your  superior  promptly  of  any 
unsafe  conditions  or  practice. 

9.  REPORT  any  Injury  Immediately  to  your 
superior. 

10.  SUPPORT  your  safety  program  and  take 
aff  active  part  In  safety  meetings.  * 

In  addition  to-the  above,  there  are  other  good 
tool  habits  which  will  holp  you  perform  your 
work  more  efficiently  as  well  as  safely. 

TOOL  HABITS 

"A  place  for  everything  and  everything  in  Its 
place"  Is  just  common  senses  You  can't  do  an 
efficient,  fast  repair  job  if  you  have  to  stop  and 
look  around  for  each  tool  you  need.  The  follow- 
ing rules,  if  followed, will  make  your  job  easier 
for  you. 
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TOOLS  AND  THEIR  USES 


KEEP  EACH  TOOL  IN  ITS  PROPER  STOW- 
AGE PLACE.— A  tool  is  useless  If  you  .cannot 
find  It.  U  you  return  each  tool  to  its  proper 
place,  you!il  know  where  it  is  the  next  time  you 
need  it. 

KEEP  YOUR  TOOLS  IN  GOOD  CONDITION.— 
Protect  them* from  rust*  nicks,  burrs,  and 
breakage. 

KEEP  YOUR  TOOL  ALLOWANCE  COM- 
PLETE.—If  you  are  issued  a  tool  box  (fig.  1-1), 
each  tool  should  be  placed  in  it  when  not  in  use. 
If  possible,  the  box  should  be  locked  and  stored 
in  a  designated  area.  Note:  Never  leave  the 
bandbox  adrift  where  it  could  become  a  missile 
and  cause  injury  to  personnel.  An  inventory  list 
retained  in  the  box  and  checked  after  each  job 
will  help  you  keep  track  of  your  tools. ' 

USE  EACH  TOOL  ONLY  ON  THE  JOB  FOR 
WHICH  IT  WAS  DESIGNED.-tlf  you  use  the 
wrong  tool  to  make  an  adjustment,  the  Results 
will  probably  be  unsatisfactory.  For  example, 
if  you  use  a  socket  wrench  thatfs  a  trifle  too 
big,  youfU  round  off  the  corners  of  the  wrench 
*  or  nut.  If  this  rounded  wrench  or  nut  is  not  re- 
placed immediately  the  safety  of  your  ship  may 
be  jeopardised  in  an  emergency.  Does  this 
sound  exaggerated?  Remember].  •  •  for  want  of 
a  nail  f  a  kingdom  was  lost. 

KEEP  YOUR  TOOLS  WITHIN  EASY  REACH 
AND  WHERE  THEY  CANNOT  FALL  ON  THE 
FLOOR  OR  MACHINERY.— Avoid  plactag  tools 
anywhere  above  machinery  or  electrical  appa- 
ratus. Serious  damage'  will  result  if  the  tool 
falls  into  the  machinery  after  the  equipment  is 
energised. 


NEVER  USE  DAMAGED  TOOLS.-A  oat* 
tered  screwdriver  may  slip  and  spoil  the  screw 
slot,  damage  other  parts,  or  cause  painful 
injury.  .A  gage  strained  out  of  shape  will  result 
in  inaccuraft  measurements. 

Remember ,  the  efficiency^of  -a-  craftsman- 
and  the  tools  he  uses  are  determined  to'a  great 
extent  by  the  way  lie  keeps  his  tools.  Likewise, 
he  is  frequently  judged  by  the  manner  in  which 
he  handles  and  cares  for  mem.  Anyone  watch- 
ing a  skilled  craftsman  at  his  work  notices  the 
care  and  precision  with  which  he  uses  the  tools 
of  his  trade. 

.  The  dure  of  hand  tools ,  should  follow  the 
same  pattern  as  for  personal  articles;  that  is, 
alwayskeep  hand  tools  clean,  and  free  from  dirt, 
*  grease,  and  foreign  matter.  After  use,  return 
tools  promptly  to  their  proper  place  in  the  tool* 
box;  Improve  your  own  efficiency  by  organizing 
your  tools  rso  that  those  used  most  frequently 
can  be  reached  easily  without  digging  through 
the  entire  contents  of  the  box.  Avoid  accumu- 
lating unnecessary  junk. 


—    56 .37(44B) 

Figure  1-1.— Standard  Navy  toolbox. 
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Figure  1-2.— Hammers,  mallets  and  sledges. 
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.Chapter  1-COMMON  HANDTOOLS 


STRIKING  TOOLS 

Hammers,  mallets,  and  sledges  are  used  to 
apply  a  striking  force.  The  tool  you  select  (fig* 
1-2)  will  depend  upon  the  intended  application. 

HAMMERS 

A  toolkit  for  nearly  every  rating  in  the  Navy 
would  not  be  complete  without  at  least  one  ham- 
mer. In  most  cases,  two  or  three  are  included  ° 
since  they  are  designated  according  to  weight 
(without  the  handle)  and  style  or  shape.  The 
shape  (fig.  1-2)  will  vary  according  to  the  in- 
tended work;  The  carpenter's  hammer  is  de- 
signed for  one  purpose  while  the  machinist's 
»  hammer  has  other  primary  functions. 

Carpenter's  Hammer 

The  primary  use  of  the  carpenter's  hammer 
is  to  drive  or  draw  (pull)  nails.  Note  the  names 
of  the  various  parts  of  the  hammer  shown  in 
figure  1-2.  The  carpenter's  hammer  has  either 
a  curved  or  straight  claw.  The  face  may  be 
either  bell-faced  or  plain-faced,  and  the  handle 
may  be  made  of  wood  or  steel.  The  carpenter's 
hammer  generally  used  in  the  Navy  has  a 
curved  claw,  bell  face,  and  wooden  handle. 

Machinist's  Hammer 

.  Machinist's  hammers  are  mostly  used  by 
people  who  work  with  metal  or  around  machin- 
ery. These  hammers  are  distinguished  from 
carpenter  hammers  by  a  variable- shaped  peen, 
rather  than  a  claw;  at  the  opposite  end  of  the 
face  (fig.  1-2).  The  ball-peen  hammer  is  prob- 
ably most  familiar  .to  you. 

The  ball-peen  hammer,  as  its  name  im- 
plies, has  a  ball  which  is  smaller  in  diameter 
than  the  face.  It  is  therefore, useful  for  striking 
areas 'that  are  too  small  for  the  face  to  enter. 

Ball-peen  hammers  are  made,  in  different • 
weights,  usually  4,  6,  8,  and  12  ounces  and  1, 
1  1/2,  and  2  pounds.  For  most  work  a  1  1/2- 
pound  and  a*  12-ounce  hammer  will  suffice. 
However,  a  4-  or  6-ounce  hajnmer  will  often  be 
used  for  light  work  such  as  tapping  a  punch  to 
cut  gaskets  out  of  sheet  gasket  material. 

Machinist's  hammers  maybe  further  divided 
into  hard-face  and  soft-face  classifications. 
The  hard-faced  hammer  is  made  of  forged  tool 
steel  while  the  soft-faced  hammers  have  a  head 
made  from  brass,  lead,  or  a  tightly  rolled  strip 


of  rawhide.  Plastic-tipped  hammers,  or  solid 
plastic  with  a  lead  core  for  added  weight,  are 
becoming  increasingly  popular. 

Soft-faced  hammers,  (fig.  1-2)  should  be 
used  when  there  is  danger  of  damaging  the  sur- 
face of  the  work,  as  when  pojmding  on  a  ma- 
chined surface.  Most  soft-faced  hammers  have 
heads  that  can  be  replaced  as  the  need  arises. 
Lead-faced  hammers,  for  instance,  quickly  be- 
come battered  and  must  be  replaced,  but  have 
the  advantage  of  striking  a  solid',  heavy  nonre- 
bounding  blow  that  is  useful  for  such  Jobs  as 
driving  shafts  into  *or  out  of  tight  hojes.  If  a 
soft-faced  hammer  is  not  available,  the  surface 
to  be  hammered  may  be  protected  by  covering 
it  with  a  piece  of  soft  brass,  copper,  or  hard 
wood. 

Using  Hammers      '  * 

Simple  as  the  hammer*  is,  there  is  a  right 
and  wrong  way  of  using  it.  (See  fig.  1-3.X  The 
most  common  fault  is  holding  the  handle  too 
close  to  the  head.  This  is  known  as  choking  the 
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Figure  1-3.— Right  and  wrong  way  to  use  a 
ball-peen  hammer. 
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hammer,  and  reduces  the  force  of  the  l>low.  It 
also  makes  it  harder  to  hold  the  head  in  an  up- 
right position*  Except  for  light  blows,  hold  the 
handle  cloy  to  the  .end  to  increase  the  lever 
arm  and  produce  a  more^effective  blow.  Hold 
the^handie  with  the  fingers  underneath  and  the 
thumb  along  side  or  on  top  of  the  lhandle.  The 
thumb  should  rest  on  the  handle  and  never  over- 
lap the  fingers.  Try  to  hit  the  object  with  the 
full  force  of  the  hammer.  Hold  the  hammer  at 
such  an  angle  that  the  face  of  the  hammer  and 
the  surface  of  the  object  being  hitwill  be  paral- 
lel. This  distributes  the  force  of  the  blow  over 
the  full,  face  and  prevents  damage  to  both  the 
surface  being  struck  and  the  face  of  the  hammer. 

MALLETS  AMD  SLEDGES 

The  mallet  is  a  short-handled  tool  used  to 
drive  wooden-handled  chisels,  gouges,  wooden 
pins,  or  form  or  shaffe  sheet  metal  where  hard- 
faced  hammers  would  mar  or  injure  the  finished 
work.  Mallet  heads  are  made  from  a-soft  ma- 
terial, usually  wood,  rawhide,  or  rubber.  For 
example,  a  rubber-faced  mallet  is  used  for 
knocking  out  dents  in  an  automobile.  '  It  h  is 
cyllodrically  shaped  with  two  flat  driving  faces 
that  are  reinforced  with  iron  bands.  (See  fig., 
1-2.)  Never  use  a  mallet  to  drive  nails,  screws, 
or  any  object  that  may  cause  damage  to  the 
face.  1 

The  sledge  is  a  steel  headed,  heavy  duty 
driving  tool  that  can  be  used  for  a  number  of 
purposes.  Short-handled  sledges*  are  used  to ' 
drive  bolts,  driftpins,  and  large  nails,  and  to 
strike  cold  chisels  and  small  hand  rock  drills. 
Long-handled  sledges  are  used  to  break  rock 
and  concrete,  to9  drive  spikes,  bolts,  or  stakes, 
and  to  strike  rock  drills  and  tfiisels* 
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The  head  of  a  sledge  is  generally  made  of  a 
high  carbon  steel  and  may  weigh  from  6  b  16 
lb.  The  shape  of  the  head  will  vary  according 
'  to  the  job  for  which  the  sledge  is  designed. 

MAINTENANCE  OF 
STRIKING  TOOLS 

■  Hammers-  Sledges,  or  mallets  should  be 
cleaned  and  repaired  if  necessary  before -they 
are  stored.  Before  using,  ensure  that  the  faces 

'  are  free  from  oil  or  other  material  that  would 
cause  the  tool  to  glance  off  nails,  spikes,  or 
stakes.  The  '  heads  should  be  dressed  to  res 

.  move  any  battered  edges. 

Never  leave  a  wooden  ot  rawhide  mallet  in 
the  sun,  as  it  will  dry  out  and  may  cause  'the 
head  to  crack.  A  light  film  of  oil  should  be  left 
on  the  mallet  to  maintain  a  little  moisture  in  the 
head. 

x  The  hammer  handle  should  always  be  tight 
in  the  head.  If  it  is  loose  the  head  may  fly  off 
and  cause  an  injury.*  The  eye  or  hole  in  the 
hammer  head  is  made  with  a  slight  taper  in 
both  directions  from  the  center.  After  the 
handle,  which  is  tapered  to  fit  the  eye,  is  in- 
serted in  the  head,  a  steel  or  wooden  wedge  is 
driven  into  the  end  of  the  handle  that  is  inserted 
,  into  the. head.  This  wedge  expands  the  handle 
*  and.  causes  it  to  fill  the  opposite  taper  in  the 
eye.  Thus  the  handle  is  wedged  in  both  direc- 
tions as  shown  in  figure  1*4.  If  the  wedge 
start!  to  come  out,  it  should  be  driven  in  again 
to  tighten  the  handle.  If  the  wedge  comes  out, 
replace  it  before  continuing  to  use  the  hammer. 
If  you  cannot  get  another  wedge  right  away,  you 
may  file  one  out  of  a  piece  of  Hat  steel,  or  cut 
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Figure  l-4.-Handle  expanded 
inlammer  head  by  wedges. 
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Figure  1-5.— Open-end  wrenches. 
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one  from  a  portion  of  the  tang  of  a  wornout  file. 
The  tang  is  the  end  of  the  file  that  fits  Into  the 
bandit. 

SAFETY  PRECAUTIONS 

Hammers  are  dangerous  tools  when  used 
carelessly  and  witty*  it  consideration.  Practice 
will  help  you  learn  to  use  a  hammer  properly. 

Some  ijxqfertant  things  to  remember  when 
using  a  hammer  or  mallet  follow: 

•  Do  not  use  a  hammer  handle  for  bumping 
parts  in  assembly,  and  never  use  it  as  a  pry 
bar.  Such  abuses  will  ca/se  the  handle  to  split, 
and  a  split  handle  "canr  produce  bad  cuts  or. 
pinches.  When  a  handle  splits  or  cracks,  do  not 
try  to  repair  it  by  binding  with  string  or  wire. 
REPLACE.  IT. 

e  Make  sure  the  handle  fits  tightly  on  the 
head.         '     t  i  \ 

e  Do  not  stHke  a  hardened  steel  surface 
with  a  steel  hammer.  Small  pieces  of  steel  may 
break  off  and  injure  someone  in  the  eye  or  dam- 
age the  work.  However,  it  is  permissible  to 
strike  a  punch  or  chisel  directly  with  the  ball- 
peen  hammer  because  the  steel  in  the  heads  of 
punches,  and  chisels  is  slightly  softer  than  that 
of  the  hammerhead. 


TURNING  TOOLS  (WRENCHES) 


A  wrench  is  a  basic  tool  that  is  used  to  exerl 
a  twisting  force  on  bolt  heads,  nuts,  studs  and 
pipes.  The  special  ^wrenches  designed  to  do 
certain  fcba  are,  uTmost  cases,  variations  of 
the  basic  wrenches  that  will  be  described  in  this 
section. 

Some  ratings  will  naturally  have  more  use 
for  wrenches  in  doing  their  jobs  than  other  rat- 
ings; however,  practically  all  ratings,  including 
clerical,  wil}  have  occasion,  from  time  to  time, 
to  use  wrenches.  It  is  necessary,  therefore, 
that  all  hands  have  a  basic  understanding  of  the 
description  and  .uses  of  wrenches. 

The  best  wrenches  are  made  of  chrome  va- 
nadium steel.  Wrenches  made*  of  this  material 
are  light  in  weight  and  almost  unbreakable.^ 
This  is  an  expensive  material,  however,  so  the4 
most  common  wrenches  found  in  the  Navy  are 
made  of  forged  carbon  steel  or  molybdenum 
steel.  These  latter  materials  make  good 
wrenches,*  but  they  are  generally,  built  a  little 
heavier  and  bulkier  in  order  to  achieve  the 
same  degree  of  strength  as  chrome  vanadium 
*  steel.  '  ^  , 


The  size  of  any  wrench  used  on  bolUfieads 
or  nuts  is  determined  by  the  size  oMfc*opening 
between  the  jaws  of  the  wrench.  The  opening  of 
a  wrench  is  manufactured  slightly  larger  than 
the  bolt  head  or  nut  that  it  is  designed  to  fit. 
Hex-nuts  (six-sided)  and  other  4ypes  of  nut  or 
bolt  heads  are  measured  across  opposite  flats 
(fig.  1-5).  A  wrench  that  is  designed  to  fit  a 
3/8-inch  nut  or  bolt  usually  has  a  clearance. of 
from  5  to  8  thousandths  of  an  inch.  This  clear- 
ance allows  the  wrench  to  slide  on  and  off  the 
nut  or  bolt  with  a  minimum  of  "play."  If  the 
wrench  is  too  large,  the  points  of  the  nut  or 
bolt  head  will  be  rounded  and  destroyed. 
,  There  are  many  types  of  wrenches.  Each 
type  is  designed  for  a  specific  use.  Let's  dis- 
cuss some  of  them. 


OPEN-END  WRENCHES 


Solid,  nonadjustable  wrenches  with  open- 
ings in  one  or  both  ends  are  called,  open-end 
wrenches.  (See  fig.  1-5.)  Usually  "  *y  come  in 
sets  of  from  6  to  10  wrenches  with  sizes  rang- 
ing from  5/16  to  1  inch.  Wrenches  with  small 
openings  are  usually  shorter  than  wrenches 
with  large  openings.  This  proportions  the  lever 
advantage  of  the  wrench  to  the  bolt  or  stud  and 
helps  prevent  wrench  breakage  or  damage  to  the 
bolt  or  stud.  One  exception  exists. 

Aircraft  today  are  built  in  a  very  compact 
manner;  and  generally,  many  of  the  hydraulic 


M6(44B)A 
Figure  1-6.— Hydraulic  wrenches. 
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1.  WRENCH,  WITH  OPENING  SLOPING  TO  THE  LEFT,  ABOUT  TO 
BE  PLACE^I^T. 

I  WRENCH  P<»fim«aAND  READY  TO  TIGHTEN  NU^.  NOTE 
THAT  S^jp^iwlNGING  THE  WRENCH  IS  LIMITED. 

3.  WRENC^^MH  MOVED  CLOCKWISE  TO  TIGHTEN  THE 
NUT  M^iifk\K£%  THE  CASTING  WHICH  PREVENTS 
FURTI^tftfVtoENT.       .  \  ' 

4.  WRENOtHS  REWVED  PROM  NUT  ANDJURNED  COUNTER  . 
CLOCKWISE  TO  BE  PLACED  0*  THE  NEXT  SET  OF  FLATS  % 
ON  NUT.  BUT  CORNER  OF  CASTING  PREVENTS  WRENCH 
FROM.FITTING  ONTO  THE  NUT. 

•S.  WRENCH  IS  BEINC  FLOPP  ED  OVER  SO  THAT  WRENCH 

OPENING  WILL  SLOPE  TO  THE  RIGHT. 
*.  IN  THIS  FLOPPED  POSITION,  THE  WRENCH-WILL  FIT  THE 

NEXT  TWO  FLATS  ON  THE  NUT. 

7.  WRENCH  NOW  IS  PULLED  CLOCKWISE-TO  FURTHER 
TIGHTEN  NUT  UNTIL  WRENCH  AGAIN  STRIKES  CASTING. 
BY  REPEATING  THE  FLOPPING  PROCEDURE,  TH^NUT 
CAN  BE  TURNED  UNTIL  IT  IS  TIGHT. 


A'* 
*    V    \ ' 


~Flgurrl-7#— Use  ofcopen-end-wrench. 
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Installations  arein-Close  spaces-  During  cer- 
tain  phases  oi  hydraulic  maintenance  it  may  be 
impossible  to  swing  an  ordinary  wrench  due  to 
its  length.  Ordinary  wrenches  that  are  normally 
available  increase  in  length  as  their  size. in* 
creases.  Thus,  when  a  large  size  wrench  is 
needed,  th*  length  of  the  French  sometimes 
prer eats  its  lis?,  dua  to  the  space  available  to 
swing  the  wrencfi.-  The  Bonney  wrench  shown 
in  figure  1*6,  is  an  open-end  wrench  that  may 
be  used  to  great  advantage,  due.  to  its  thickness" 
and  short  length.  This  wrench  is  normally  pro- 
cured in  the  larger  size's,  although  it  is  avail- 
able in  a  range  of  sizes  to  fit  all  'aircraft  by* 
draulic  fittings. 

Open-end  wrenches  may  haVe  their  jaws 
parallel  to  the  handle  or  at  angles  anywhere  up 
to  90  degress.  The  average  angle  is  15  degrees 
(fig.  1-5).  This  angular  displacement  variation 
permits  selection  of  a  wrench  suited  for  places 
where  there  is  room  to.  make  only  a  part -of  a 
complete  turn  of  a  nut  or  bolt.  If  the  wrench 
is  turned  overykfter  the  first  swing,  it  will  fit 
on  the  same  flats  and  turn  1fce  nut  farther. 
After  two  swings  on  the  wrench,  the  nut  is 
turned  far  enough  so  that  a  new  set  of  flats  are 
in  position  for  the  wrench  as  shown  la  figure 
1-T.  . 

Handles  are  usually  straight,  but  may  be 
curved.  Those  with  curved  handles  are  called 
S-wrenches.  Other  open-end  wrenches  may 
have  offset  handles.  This  allows  the  head  to 
reach  nut  or  bolt  heads  that  are  sunk  below  the 
surface. 

BOX  wrenches' 

Box  wrenches  (fig.  1-8)  are  safer  than  open- 
end  wrenches  since  there  is  less  likelihood  they 
will  slip  off  the  work.  They  complete;/  sur- 
round or  box  a  nut  or  bolt  head. 

The  most  frequently  used  box  wrench  has  12 
points  or  notches  arranged  in  a  circle  in  the 
head  and  can  tie  used  with  a  minimum  swing 
angle  of  30  degrees.  Six-,  and  eight  point 
wrenches  are  used  for  heavy,  12  for  medium, 
and  10  for  light  duty  only. 


One  advantage  of  the  12  point  construction  is 


im 


the  thin  wall,  It  is  more  suitable  for  turning 
nuts  which  are  hard  to  get  at  with  an  open-end 
wrench.  Another  advantage  Is  that  the  wrench 
will  operate 'between  Obstructions  where  the 
space  for  handle  swing  is  limited.  A  very  short 
swing  of  the  handle  will  turn  the  nut  far  enough 
to  allow  the  wrench  to  be  lifted  and  the  next  set 
of  points,  fitted  to  the  corners  of  the  nut. 

.One  disadvantage  of  the  box-end  wrench  is 
the  loss  of  time  which  occurs  whenever  a 
craftsman  has  to  lift  the  wrench  off  and  place  It 
back  onthejiut  In  another  position  in  case  there 
is  insufficient  clearance  to  spin  the  wrench  in 
a  full  circle. 

COMBINATION  WRENCH 

After  a  tight  nut  Is  broken  loose,  It  can  be 
unscrewed  much  more  quickly  with  an  open-end 
wrench  than  with  a  box-wrench.  This  is  where 
a  combination  box-open  end  wrench  (fig.  1-9) 
comes  in  handy.  You  can  use  the  box-end  for 
breaking  nuts  loose  or  for  snugging  them  down, 
and  the  open-end  for  foster  turning. 

The  box-end  portion -of  the  wrench  can  be 
designed  with  an  offset  In  the  handle.  Notice  in 
figure  1-9,  how  the  IJh degree  offset  allows 
clearance  over  nearby  parts. 

The  correct  use  of  open-end  and  box-end 
wrenches  can  be  summed  up  in  a  few  simple 
rule£,  most  Important,  of  which  is  to  be  sure 
.that  the  wrench  properly  fits  the  nut  or  bolt 
head. 

When,  you  have  to.  pull  hard  on  the  wrench, 
as  in  loosening  a  tight  nut,  make  sure  the 
wrench  Is  seated  squarely  on  the  flats  of  the 
nut.   

PULL  on  the  wrench-DO  NOT  PUSH.  Push- 
ing a  wrench  is  a  good  way  to  skin  your 
knuckles  if  the  wrench  slips 'or  the  nut  breaks 
loose  unexpectedly.  If  It  Is  Impossible  to  pull 
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Figure  1-8.— 12-point  box-end  wrench. 


1.16.3(*4B) 
Figure  1-9.— Combination  wrench. 
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Figure  1-10, -Socket  set  components. 
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the  wrench,  mud  you  must  push,  do  it  with  the 
palm  of  your  hand  and  hold  your  palm  open, 
Only  actual  practice  will  tell  you  if  you  are 
using  the  right  amount  of  force  on  the  wrench. 


The  best  way  to  tighten  a  nut  is  to  turn  it  until 
the  wrench  has  a  firm,  solid  "feel."  This  will 
turn  the  nut  to  proper  tightness  without  strip- 
ping the  threads  or  twisting  off  the  bolt.  This 
'  "feel"  is  developed  by  experience  alone.  Prac- 
tice until  you  have  mastered  the  "feel." 

SOCKET  WRENCH 

The  socket  wrench  is  one  of  the  most  versa- 
tile wrenches  in  the  toolbox.  Basically;  it  con- 
sists of  a  handle  and  a  socket  type  wrench  which 
can  be  attached  to  the  handle. 

The  "Spintite?  wrench  shown  in  figure  1-10, 
is  a  special  type  of  socket  wrehch.Jft  has  a  hol- 
low shaft  to  accommodate  a  bolt  protruding 
through  a  nut,  has  a  hexagonal  head,  and  is  used 
like  a  screwdriver,  ft  is  supplied  in  small 
sizes  only  and  is  useful  for  assembly  and  elec- 
trical work.  When  used  for  the  latter  purpose, 
it  must  have  an  insulated  handle. 

A  complete  socket  wrench  set  consists  of  sev- 
eral types  of  handles  along  with  bar  extensions, 
adapters,  and  a  variety  of  aockets~(fig.  1-10). 


8 


ERIC 


176 


Chapter  1-COMMON  HANDTOOLS 


Sockets 

A  socket  (fig.  1-11)  has  a  square  opening  cut 
in  one  end  to  fit  a  square  drive  lug  on  a  detach- 
able handle.  In  the  other  end  of  the  socket  is  a 
6-point  or  12-point  opening  very  much  like  the 
opening  in  the  box  end  wrench*  The  12-point 
socket  needs  to  be  swung  only  half  as  far  as  the 
6-point  0  socket  before  it  has  to  be  lifted  and 
fitted  on  the  nut  for  a  new  grip,  It  can  there- 
fore be  used  in  closer  quarters  where  there  is 
less  room  to  move  the  handle.  (A  ratchet 
handle  eliminates  the  necessity  of  lifting  the 
socket  and  refitting  it  on  the  nut  again  and 
again. 

Sockets  are  classified  for  size  according  to 
two  factors.  One  is  the  size  of  the  square  open- 
ing, which  fits  on  the  square  drive  lug  of  the 
handle.  This  size  is  known  as  the  drive  size. 
The  other  is  the  size  of  the  opening  in  the  oppo- 
site end,  which  fits  the  nut  or  bolt.  The  stand- 
ard toolbox  can  be  outfitted  with  sockets  having 
1/4- ,  3/8-,  and  1/2-inch- square  drive  lugs. 
Larger  sets  are  usually  available  in  the  tool- 
room foe  temporary  checkout.  The  openings 
that  fit  onto  the  bolt  or  nut  are  usually  gradu- 
ated in  1/16-inch  sizes.  Sockets  are  also  made 
in  deep  lengths  to  fit  over  spark  plugs  and  long 
bolt  ends. 

*  * 

.  Socket  Handles 

There  are  four  types  of  handles  used  with 
these  sockets.  (See  fig.  1-10.)  Each  type  has 
special  advantages,  and  the  experienced  worker 
chooses  the  one  best  suited  for  the  job  at  hand. 
The  square  driving  lug  on  the  socket  wrench 
handles  ban  a  spring-loaded  ball  that  fits  into  a 
recess  in  the  socket  receptacle.  This  mated 
ball-recess  feature  keeps  the  socket  engaged 
with  the  drive  lug  during  normal  usage.  A 
slight  pull  on  the  socket, however ,  disassembles 
the  connection. 

RATCHET  .—The  ratchet  handle  has  a  re- 
versing lever  which  operates  a  pawl  (or  dog) 
inside  the  head  of  the  tool.  Pulling  the  handle 
in  one  direction  causes  the  pawl  to  engage  in 
the  ratchet  teeth  and  turn  the  socket.  Moving 
the  handle  in  the  opposite  direction  causes  the 
pawl  to  slide  over  the  teeth,  permitting  the 
handle  to  back  up  without  moving  the  socket. 
This  allows  rapid  turning  of  the  nut  or  bolt 
after  each  partial  turn  of  the  handle.  With  the 
reversing  lever  in  one  position,  the  handle  can 


be  used  for  tightening.  In  the  other  position,  it 
can  be  used  for  loosening. 

HINGED  HANDLE.-The  hinged  handle  is 
also  very  convenient.  To  loosen  tight  nuts, 
swing  the  handle  at  right  angles  to  the  socket. 
This  gives  the  greatesywssible  leverage.  After 
loosening  the  nut  to  the  point  where  it  turns 
easily,  move  the  handle  into  the  vertical  posi- 
tion and  then  turn  the  handle  with  the  fingers. 

SLIDING  T-BAR  HANDLE  .-Whenusing  the 
sliding  bar  or  T-handle,  the  head  can  be  posi- 
tioned anywhere  along  the  sliding  bar.  Select 
the  position  which  is  needed  for  .the  job  at  hand. 

SPEED  HANDLE  .-The  speed  handle  is 
worked  like  the  wood-worker's  brace.  After  the 
nuts  are  first  loosened  with  the  sliding  bar  han- 
dle or  the  ratchet  .handle,  the  speed  handle  can 
be  used  to  remove  the  nuts  more  quickly.  In* 
many  instances  the  speed  handle  is  not  strong 
enough  to  be  used  for  breaking  loose  or  tighten- 
ing the  nut.  The  speed  socket  wrench  should  be 
used  carefully  to  avoid  damaging  the  nut  threads. 

Accessories 

To  complete  the  socket  wrench  set,  there 
are  several  accessory  items.  Extension  bars 
of  different  lengths  are  made  to  extend- .the  dis- 
tance from  the  socket  to  the  handle.  A  univer- 
sal joint  allows  the  nut  to  be  turned  with  the 
wrench  handle  at  an  angle.  Universal  sockets 
are  also  available.  The  use  of  universal  joints, 
bar  extensions,  and  universal  sockets  in  com- 
bination with  appropriate  handles  makes  it  pos- 
sible to  form  a  vartfet?  of  tools  that  will  reach 
otherwise  inaccessible  nuts  and  bolts.  • 

Another  accessory  item  is  an  adapter  which 
allows  you  to  use  a  handle  having  one  size  of 
drive  and  a  socket  having  a  different  size  drive. 
For  example,  a  3/8-  by  1/4-inch  adapter  makes 
it  possible  to  turn  all  1/4-inch  square  drive 
sockets  with  any  3/8-inch- square  drive  handle. 

TORQUE  WRENCHES 

There  are  times  when,  fdr  engineering  rea- 
sons, a  definite  force  must  be. applied  to  a  nut 
or  bolt  head.  In  such  cases  a  torque  wrench 
must  be  used.  For  example,  equal  force  hmst 
be  applied  to  all  -  the  head  bolts  of  an  engine.. 
Otherwise,  one  bolt  may  bear  the  brunt  of  the 
force  of  internal  combustion  and  ultimately 
cause  engine  failure. 
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Figure  1-12.— Torque  wrenches. 
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Figure  l-13.-AdjuaUbie 
wrenches* 

The  three  most  commonly  used  torque 
wrenches  are  the  Deflecting  Beam,  Dial  In- 
dicating, and  Micrometer  Setting  types  (fig. 
1-12).  When  using  the  Deflecting  Beam  and  the 


Dial  Indicating  torque  wrenches,  the  torque  is 
read  visually  on  a  dial  or  scale  mounted  on  the 
handle  of  the  wrench. 

*T6  use  the  Micrometer  Setting  type,  unlock 
the  grip  and  adjust  the  handle  to  the  desired 
setting  on  the  micrometer  type  scale,  then  re- 
lock  the  grip.  Install  the  required  socket  or 
adapter  to  the  square  drive  of  the  handle.  Place* 
the  wrench  assembly  on  the  nut  or  bolt  and  pull 
in  a  clockwise  direction  Ylth  a  smooth,  steady 
motion.  (A  fast  or  jerky  motion  will  result  in 
an  Improperly  torqued  unit.)  When  the  torque 
applied  reaches  the  torque  value,  which  is  indi- 
cated on  the  handle  setting,  a  signal  mechanism 
will  automatically  issue  an  audible  click,  and 
the  handle  wtil  release  or  "break,"  and  move 
freely  for  a  short  distance.  The  release  and 
free  travel  is  easily  felt,  so  there  is  no  doubt 
about  when  the  torquing  process  is  complete. 

Manufacturers9  and  technical  manuals  gen- 
erally specify  the  amount  of  torque  to  be 
applied.  To  assure  getting  the  correct  amount 
of  torque  on  the  fasteners,  it  is  important  that 
the  wrench  be  used  properly  in  accordance  with, 
manufacturers9  instructions. 

Use  that  torque  wrench  which  will  read  about 
mid-range  for  the  amount  of  torque  to  be  ap- 
plied. BE  SURE  THAT  THE  TORQUE  WRENCH 
HAS  BEEN  CALIBRATED  BEFORE  YOU  USE 
IT.  Remember,  too,  that  the  accuracy  of  torque- 
measuring  depends  a  lot  on  how  the  threads  are 
cut  and  the  cleanliness  of  the  threads.  Make 
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sure  you  inspect  and  clean  the  threads.  If  the 
manufacturer  specifies  a  thread  lubricant,  it 
must  be  used  to  obtain  the  most  accurate  torque 
reading!  When  using  the  Deflecting  Beam  or 
Dial  Indicating  wrenches,  hold  the  torque  at  the 
desired  value  until  the  reading  is  steady. 

Torque  wrenches  are  delicate  and  expensive 
tools.  The  following  precautions  should  be  ob- 
served when  using  them: 

1.  When  using  the  Micrometer  Setting  type, 
do  not  move  the  setting  handle  below  the  lowest 
torque,  setting.  However,  it  should  be  placed 
at  its  lowest  setting  prior  to  returning  to 
storage.* 

2.  Do  not  use  the  torque  wrench  to  apply 
greater  amounts  of  torque  than  its  rated 
capacity. 

3.  Do  not  use  the  torque  wrench  to  break 
loose  bolts  which  have  been  previously  tightened. 

4.  Do  not  drop  the  wrench.  If  dropped,  the 
accuracy  will  be  affected. 

5.  Do  not  apply  a  torque  wrench  to  a  nut  that 
has  been  tightened.  Back  .off  the  nut  one  turn 
with  a  non-torque  wrench  and  retighten  to  the 
correct  torque  with  theindicatingtorque  wrench. 

6.  Calibration  intervals  have  been  es- 
tablished for  all  torque  tools  used  in  the  Navy. 
When  a  tool  is  calibrated  by  a  qualified  calibra- 
tion activity  at  a  shipyard,  tender,  or  repair 
ship,  a  label  showing  the  next  calibration  due 
date  is  attached  to  the  handler  This  date  should 
be  checked  before  a  torque  tool  is  used  to  en- 
sure that  it  is  not  overdue  for  calibration. 

ADJUSTABLE  WRENCHES  , 

A  handy  all-round  wrench  that  is  generally 
included  in  every  toolbox  is  the  adjustable 
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Figure  1-14.— Proper  procedure  for 
'  pulling  adjustable  wrenches. 


open-end  wrench.  This  wrench  is  not  Intended 
to  take  the  place  of  the  regular  .solid  open-rend  . 
wrencft.  Additionally,  it  is  not  built  for  use  on 
extremely  hard-to-turn  items.  Its  usefulness 
is  achieved  by  being  capable  of  fitting  odd- 
sized  nuts.  This  flexibility  is  achieved  although 
one  jaw  of  the  adjustable  open-end  wrench  is 
fixed  because  the  other  jaw  is' moved  along  a 
slide  by  a  thumbscrew  adjustment  (fig.  1-13). 
By  turning  the  thumbscrew,  the  jaw  opening 
may  be  adjusted  to  fit  various  sizes  of  nuts. 

Adjustable  wrenches  are  available  in  vary- 
ing sizes  ranging  from" 4  to  24  inches  in  length. 
-The  size  of  the  wrench  selected  for  a  particular 
job  is  dependent  upon  the  size  of  nut  or  belt 
head  to  which  the  wrench,  is  to  be  .applied.  As 
the  jaw  opening  increases  the  length  of  the 
wrench  increases. 

Adjustable  wrenches  are  often  called 
"knuckle  busters/9  because  mechanic*  fre- 
quently suffer  these  consequences  as  a  result 
of  improper  usage  of  these  tools.  To  avoid  ac- 
cidents, follow  four  simple  steps.  First,  choose 
a  wrench  of  the  correct  size; that  is,  do  not  pick 
a  large  12-inch  wrench  and  adjust  the,  jaw  for 
use  on  a  3/8-inch  nut.  This  could  result  in  a 
broken  bolt  and  a  bloody  hand.  Second,  be  sure 
the  jaws  of  the  correct  size  wrench  are  adjusted 
to  fit  snugly  on  the  nut.  Third,  position  the 
wrench  around  the  nut  until  the  nut  is  all  the 
way  into  the  throat  of  t}ie  jaws.  If  not  used  in 
this  manner,  the  result  is  .apt  to  be  as  bloody 
as  before,  Fourth,  pull  the  handle  toward  the 
side  having  the  adjustable  jaw  (fig.  1-14).  This 
will  prevent  the  adjustable  jaw  from  springing 
open  and  slipping  off  the  nut.  U  the  location  of 
the  work  will  not  allow  for  all  four  steps  to  be 
followed  when  using  an  adjustable  wrench,  then 
select  another  type  of  wrencl  for  the  job. 

Pipe  Wrench  (Stlllson) 

When  rotating  or  holding  round  work  an  ad- 
justable pipe  wrench  (Stlllson)  may  be  used  (fig. 
1-15).  The  movable  jaw  on  a  pipe  wrench  is 
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Figure  1-15.— Adjustable  pipe  wrench. 
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Figure  1-16.-Chain  pipe  wrench. 
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Figure  1-17.— Strap  wrench. 

pivoted  to  permit  a  gripping  action  on  the  work. 
This  tool  must  be  used  with  discretion,  as  the 
jaws  are  serrated  and  always  make  marks  on 
the  work  unless  adequate  precautions  are  ob- 
served. The  )aws  should  be  adjusted  so  the  bite 
on  the  work  will  be  taken  at  about  the  center  of 
the  Jaws.  ,  \ 

Chain  Pipe  Wrench 

A  different  type  pipe  wrench,  used  mostly  on 
large  sixes  of  pipe,  is  $e<  chain/pipe  wrench 

-  (fig.  1-19).  This  tool  works  in  one  direction 
only,  but  can  be  backed  partly  around  the  work 

-  and  a  frt*  hold  taken  without  freeing  the  chain. 
To  reverse  the  operation  the  grip  Is  taken  on 
the  opposite  side  of  the  head.  The  head  is 
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Figure  1-18  .-General-purpose  sjjanner 
.  wrenches*  1 

double  ended  andean  be  reversed  when  the  teeth' 
on  one  end  are  worn  out.  „  ? 

Strap  Wrench 

The  strap  wrench  (fig.  1-17)  Is  similar  to 
the  chain  pipe  wrench  but  uses  a  heavy  web 
strap  Jn  place  of  the  chain.  This  wrench  Is 
used  for  turning  pipe  or  cylinders  where  you 
do  not  want  to  mar  the  surface  of  the  work.  To 
use  this  wrench,  the  webbed  strap  Is  placed 
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Figure  1-19.- Allen  and  Bristol  type 


around  the  cylinder  and  passed  through  the  slot 
in  the  metal  body  of  the  wrench.  The  strap  is 
then  pulled  up  tight  and  as  the  mechanic  turns 
the  wrench  in  the  desired  direction,  the  webbed 
.strap  tightens  further  around  the  cylinder. 
This  gripping  action  causes  the  cylinder  to 
turn. 

SPANNER  WRENCHES  . 

Many  special  nuts  are  made  with  notches  cut 
into  their  outer  edge.  For  these  nuts  a  hook 
spanner  (fig.  1-18)  is  required.  This  wrench 
has  a  curved  arm  with  a  lug  or  hook  on  the  end. 
This  lug  fits  into  one  of  the  notches  of  the  nut 
and  the  handle  turned  to  lootfen  or  tighten  the 
nut.  This  spanner  may  be  made  for  just  one 
particular  size  of  notched  nut,  or  it  may  have  a 
hinged  arm  to  adjust  it  to  a  range  of  sizes. 

Another  type  of  spanner  is  the  pin  spanner. 
■  Pin  spanners  have  a  pin  in  place  of  a  hook.  This 
pin  fits  into  rhole  in  the  outer  part  of  the  nut. 

Face  pin  spanners  are  designed  so  that  the 
pins  fit  Into  holes  In  the  face  of  the  nut  (fig. 
1-W). 

When  you  use  a  spanner  wrench,  you  must 
ensure  that  the  pins,  lugs,  or  hooks  make  firm 
contact  with  the  nut  while  the  turning  force  Is 
transferred  from  the  wrench  to  the  nut.  If  this 
is  not  done,  damage  will  result  to  either  per- 
sonnel, tbols,  or  equipment . 

SETSCREW  WRENCHES 
(ALLEN  AND  BRISTOL) 

.  In  some  {daces  It  is  desirable  to  use  re- 
cessed heads  on  set  screws  and  capscrews.  One 
type  (Allen)  screw  Is  used  extensively  on  office 
machines  and  in  machine  shops*  The  other 
type  (Bristol)  is  used  Infrequently. 


44:i0 

Figure  l-20.-Snlps. 

Recessed  head  screws  usually  have  a  hex- 
shaped  (six-sided)  recess*  To  remove  or  tighten 
this  type  screw  requires  a  special  wrench  that 
will  fit  In  the  recess.  This  wrench  Is  called  an 
Allen-type  wrench.  Allen-type  wrenches  are 
made,  from  hexagonal  L- shaped  bars  of  tool 
steel  (fig.  1-19).  They  range  In  size  up  to  3/4 
inch.  When  using  the  .Allen- type  wrench  make 
sure  you  use  the  correct  size  to  prevent  round- 
ing or  spreading  the  head  of  the  screw.  A  snug 
fit  within  the  recessed  head  of  the  screw  is  an 
Indication  that  you  have  the  correct  size. 

The  Bristol  wrench  is  made  from  round 
stock,  It  Is  also  L-shapedvbut  one  end  Is  fluted 
t<^  fit  the  flutes  or  little  splines  In  the  Bristol 
sets'rew  (fig.  1-19). 

NONSPARKING  WRENCHES 

_  Nonsparking  wrenches  are~wrenches  that 
will  not  cause  sparks  to  be  generated  when 
working  with  steel  nuts  and  bolts.  They  are 
generally  made  from  a  copper  alloy  (bronze)* 
However,  they  may  be  made  from  other  non- 
sparking  materials.  - 

Nonsparkingwrenches  must^be  used  In  areas 
where  flammable  itfaterials  are  present.  These 
tools  are  used  extensively  when  working  around 
gasoline-carrying  vehicles  and  when  working 
around  aircraft  or  explosives. 
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FETY  RULES  FOR  WRENCHES 


There  are  a  few  basic  rules  that  you  should 
keep  in  taind  when  using  wrenches*  Theyare: 

1.  Always  use  a  wrench  that  fits  the  nut 
.properly. 

2.  Keep  wrenches  clean  and'  free  from  oil* 
<  Otherwise  they  may  slip,  resulting  in  possible 

serious  injury  to  you  or  damage  to  the  work. 

3.  Do  not  increase  the  leverage  of  a  wrench 
by  placing  a  pipe  over  the  handle.  Increased 
leverage  may  damage  the  wreneh  or  the  work. 

4.  Provide  some  sort  of  kit  or  case  for  all 
wrenches.  Return  them, to  it  at  the  completion 
of  each  job.  This  saves  timfe  and  trouble  and 
facilitates  selection  of  tools  for  the  next  job. 
Most  important,  it  eliminates. the  possibility  of 
leaving  them  where  they  can  cause  injury  or 
damage  to  men  or  equipment. 

5.  Determine  which  way  a  nut  should  be 
turned  before  trying  to  loosen  it.  Most  nuts  are 
turned  counterclockwise  for  removal.  This  may 
seem  obvious,  but-  even  experienced  .men.  have 
been  observed  straining  at  the  wrench  in  the 
tightening  direction,  when  they  wanted  to  loosen 
it. 

6.  Learn  to  select  your  wrenches  to  fit  the 
type  of  work  you  are  doing.  If  you  are  not  fa- 
miliar with  these  wrenches,  make  arrange- 
ments to  visit  a  shop  that  has  most  of  them  and 
get  acquainted. 

METAL  CUTTING  TOOLS  . 

There  are  many  types  of  metal  cutting  tools 
used  by  skilled  mechanics  of  all  ratings.  As 
you  become  better  acquainted  with  your  rating, 


you  will  probably  discover  many  tools  that  you 
use  for  cutting  metal  that  are  not  described  in 
this  text.  In  this  text,  only  the  basic  hand 
metal  cutting  tools  will  be  considered. 

SNIPS  AMD  SHEARS 

Snips  and  shears  are  used  for  cutting  sheet 
metal  and  steel  of  various  thicknesses  and. 
shapes.  Normally,  the  heavier  or  thicker  ma- 
terials are  cut  by  shears. 

One  of  the  handiest  tools  for  cutting  light  (up 
to  1/16  inch  thick)  sheet  metal  ii  the  hand  snip 
(tip  snips).  The  STRAIGHT  HAND  SNIPS  shown 
in  fig.  1-20  have  blades  that  are  straight  and 
cutting  edges  that  are  sharpened  to  an8S-degree 
angle.  Snips  like  this  can  be  obtained  in  differ- 
ent sizes  ranging  from  the  small  6-inch  to  the 
large  14-inch  snip.  Tin-snips  will  also  work  on 
slightly  heavier  gages  of  soft  metals  such  as 
1  aluminum  alloys. 

Snips  will  not  remove  any  metal  when  a  cut 
is  'made.  There  is  danger,  though,  of  causing 
minute  metal  fractures  along  the  edges  of  the 
me tal~ during  the  shearing  process.  For  this 
rfeapon,  it  is  better  to  cut  just  outside  the  lay- ' 
out  line.  This  procedure  will  allow  you  to 
dress  the,  cutting  edge  while  keeping  the  mate- 
rial* within  required  dimensions. 

Cutting  extremely  heavy  gage  metal  always 
presents  the  possibility  of  springing  the  blades. 
Once  the  blades  are  sprung,  hand  snips  are  use* 
less.  When  cutting  heavy,  material  use  the  rear 
portion  of  the  blades.  This  procedure  not  only 
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Figure  1-21.-Cutting  an  inside  Figure  l-22.-Cutting  a  disk  out  of 

hole  with  snips.  - 1  sheet  metal. 
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avoids  the  possibility  of  springing  the  blades 
but  also  gives  you  greater  cutting  leverage. 

Many  snips  have  small  serrations  (notches) 
on  the  cutting  edges  of  the  blades.  These  ser- 
rations tend  to  prevent  the  snips  from  slipping 
backwards  when  a  cut  is  being  made.  Although 
this  feature  does  make  the  actual  cutting  easier, 
it  mars  the  edges  of  the  metal  slightly.  You 
can  remove  these  small  cutting  marks  if  you 
allow  proper  clearance  for  dressing  the  metal 
to  size.  There  are  many  other  types  of  hand 
snips  used  for  special  jobs  but  the  snips  dis- 
cussed here  can  be  used  for  almost  any  com- 
mon type  of  work. 

Cutting  Sheet  Metal  with  Snips 

It  is  hard  to  cut  circles  or  small  arcs  with 
straight  snips.  There  are  snips  especially 
designed  for  circular  cutting.  They  are  called 
CIRCLE  SNIPS,  HAWKS-BILL  SNIPS,  TROJAN 
SNIPS,  and  AVIATION  SNIPS  (fig.  1-20). 

To  cut  large  holes  In  the  lighter  gages  of 
sheet  metal,  start  the  cut  by  punching  or  other- 
wise making  a  hole  in  the  center  of  the  area  to 
be  cut  out.  With  an  aviation  snips,  as  shown  in 
figure  1-21,  or  some  other  narrow-bladed 
snips,  make  a  spiral  cut  from  the  starting  hole 
out  toward  the  scribed  circle  and  continue  cut- 
ting until  the  scrap  falls  away." 

To  cut  a  disk  in  the  lighter  gages  of  sheet 
metal,  use  a  combination  snips  or  a  straight 
bjide  snips  as  shown  in  figure  1-22.  First,  cut 
away  any  surplus  material  outside  of  the  scribed 
circle  leaving  only  a  narrow  piece  to  be  re* 
moved  by  the  final  cut.  Make  the  final  cut  just 
outside  of  the  layout  line.  This  will  permit  you^ 
to  see  the  scribed  line  while  you  are  cutting  and 
will  cause  the  scrap  to  curl  up  below  the  blade 
of  the  snips  where  itwtll  be  out  of  the  way  while 
the  complete  cut  Is  being  made. 


To  make  straight  cuts,  place  the  sheet  metal 
on  a  bench  with  the  marked  guideline  over  the 
*edge  of  tne  bench  and  hold  the  sheet  down  with 
one  hand.  With  the  other  hand  hold  the  snips  so 
that  the  flat  sides  o/  the  blades  are  at  right 
afigles  to  the  surface  of  the  work.  If  the  blades 
are  not  at  right  angles  to  the  surface  of  the 
work,  the  edges  of  the  cut  will  be  slightly  bent 
and  burred.  The  bench  edge  will  also' act  as  a 
guide  when  cutting  with  the  snips.  The  snips 
will  force  the  scrap,  metal  down  so  that  it  does 
. .  not  interfere  with  cutting.  Any  of  the  hand  snips 
may  be  used  for.  straight  cuts;  When  notches 
are  too  narrow  to  be  cut  out  with  a  pair  of 
snips,  make  the  side  fcuts  with  the  snips  and  cut 
the  base  of 'the  notch  with  a  cold  chisel.  • 

Safety  and  Care, 

Learn  to  use  snips  properly.  They  should 
always  be  oiled  and  adjusted*  to  permit  ease  of 
cutting  and  to  produce  a  surface  that  is  free 
from  burrs.  U  the  blades  bind,  or  if  they  are 
too  far  apart,  the  snips  should  be  adjusted. 

Never  use  snips  as  screwdrivers,  hammers, 
or  pry  bars.  They  break  easily. 

Do  not  attempt  to  cut  heavier  material*  than 
the  snips  are  designed  for.  Never  use  tin  snips 
to  cut  hardened  steel  wire  or  other  similar  ob- 
jects. Such  use  will  dent  or  nick  the  cutting 
edges  of  the  blades. 

Never  toss  snips  in  a  toolbox  where  the  cut- 
ting edges  can^  come  into  contact  with  other 
tools.  This  dulls  the  cutting  edges  and  may 
even  break  the  blades. 

When  snips  are  not  in  use,  hang  them  on 
hooks  or  lay  them  on  an  uncrowded  shelf  or 
.  bench. 


Figure  l-23.-Bolt  cutters. 
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Figure  l-24.-Hacksaws. 


1.19(44) 


15 


J 


TOOLS  AND  THEIR  USES. 


ALTERNATE  SET 
.  RAKER  SET 

gg  1 1  t  un  PC  ■  i  tu 

*  WAVE  SET 

28.40(44) 
Figure  l-25.-"Srt"  of  hacksaw 
blade  teeth. 
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Figure  1-27.— Installing  a 
hacksaw  blade. 
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Figure  l-26.~Selecting  the  proper 
hacksaw  blade. 


BOLT  COTTERS  * 

Bolt  cutters  (fig.  1-23)  are  giant  shears  with 
very  short  blades  and  long  handles.  The  handles 
are  hingtd  at  one  end.  The  cutters  are  at  the 
ends  of  extensions  which  are  Jointed  In  such  a 
way  that  the  inside  joint  is  forced  outjrarda 
when  the  handles  are  closed,  thus  forcing  the 
cutting  edges  together  with  great  force. 


Figure  1*28  .—Proper  way  to  hold 
a  hacksaw.- 

\  Bolt  cutters  are  made  in  lengths  of  18  to  36 
inches.  The  larger  ones  will  cut  mild  steel 
bolts  and  rods  up  to  1/2  inch.  The  material  to 
be  cut  should  be  kept  as  far  back  ip  the  Jaws  as 
possible.  Never  attempt  to  cut  spring  wire  or 
other  tempered  metal  with  bolt  cutters.  This 
will  cause\the  Jaws  to  be  sprung  or  nicked. 
Adjusting  screws  near  the  middle  hinges 
provide  a  means  for  ensuring  that  both  jaws 
move  the  same  amount  when  the  handles  are 
pressed  together.  Keep  the  adjusting  screws 
just  tight  enough  to  ensure  that  the  cutting 
edges  meet  along  their  entire  length  when  the 
Jaws  are  closed.  The  hinges  should  be  kept  well 
oiled  at  all  times. 
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When  using  bolt  cutters  make  sure  your 
fingers  are  clear  of  the  jaws  and  hinges.  Take 
care  that  the  bolt  head  or  piece  of  rod  cut  off 
does  not  fly  and  Injure  you  or  someone  else.  If 
the  cutters  are  brought  together  rapidly,  some- 
times a  bolt-head  or  piece  of  rod  beingcut  off 
will  fly  some  distance. 

Bolt  cutters  are  fairly  heavy,  so  make  sure 
that  they  are  stored  in  a  safe  place  where  they 
will  not  fall  and  injure  someone. 


HACKSAWS 

Hacksaws  are  used  to  cut  metal  that  is  too 
heavy  for  snips  or  boltcutters.  Thus,  metal  bar 
stock  can  be  cut  readily  with  hacksaws. 

There  are  two  parts  to  a  hacksaw;  the  frame 
and  the  blade.  Common  hacksaws  have  either 
an  adjustable  or  solid  frame  (fig.  1-24).  Most 
hacksaws  found  in  the  Navy  are  of  the  adjust- 
able frame  type.  Adjustable  frames  can  be 
made  to  hold  blades  from  8  to  16  Inches  long, 
while  those  with  solid  frames  take  only  the 
length  blade  .for  which  they  are  made:  This 
length  is  the  distance  between  the  two  pins  that 
hold  the  blade  in  place. 

Hacksaw-blades  are  made  of  high-grade  tool 
steel,  hardened  and  tempered.  There  are  two 
types,  the  all-hard  and  the  flexible.  All  hard 
blades  are  hardened  throughout,  whereas  only 
the  teeth  of  the  flexible  blades  are  hardened. 
Hacksaw  blades  are  about  one-half  inch  wide, 
Have  from  14  to  32  teeth  per  inch,  and  are  from 
8  to  16  inches  long.  The  blades  have  a  bole  at 
'  each  end  which  hooks  to  a  pin  in  the  frame.  All 
hacksaw  frames  which  hold  the  blades  either 
parallel  or  at  right  angles  to  the  frame  are 
provided  with  a  wlngnut  or  screw  to  permit 
tightening  or  removing  the  blade. 

Thrf  SET  in  a  saw  refers  to  how  much  the 
teeth  are  pushed  out  in  opposite  directions  from 
the  sides  of  the  blade.  The  four  different  kinds 
of  set  are  ALTERNATE  set,  DOUBLE  ALTER- 
NATE set,  RAKER  set,  and  WAVE  set.  Three 
of  these  are  shown  in  figure  1-25. 

The  teeth  in  toe  alternate  set  are  staggered, 
one  to  the  left  and  one  to  the  right  throughout 
the  length  of  the  blade.  On  the  double  alternate 
set  blade,  two  adjoining  teeth  are  staggered  to 
the  right,  two  to  the  left,  and  so  on.  On  the 
raker  set  blade,  every  third  tooth  remains 
straight  and  the  other,  two  are  set  alternately. 
On  the  wave  (undulated)  set  blade,  short  sec- 
tions of  teeth  are  bent  in  opposite  directions. 


Using  Hacksaws 

«  * 

The  hacksaw  is  often  used  improperly.  Al- 
though it  can  be  used  with  limited  success  by 
an  Inexperienced  man,  a  little  thought  and  study 
given  to  its  proper  uee  will  Jfesult  in  faster  and 
better  work  and  less  dulling  and  breaking  of 
blades.  * 

Good  work  with  a  hacksaw  depends  not  only 
uifcn  the  proper  use  of  the  saw,  but  also  upon 
the  proper  selection  of  the  blades  for  the  work 
to  be  done'.  Figure  1-26  will  help  you  select 
the  proper  blade  to  use  when  sawing  metal  With 
a  hacksaw.  Coarse  blades  with  fewer  teeth  per 
inch  cut  faster  and  are  less  liable  to  choke  up 
witi  chips.  However,  fine*  blades  with  more 
teeth  per  inch  are  necessary  when  thin  sections 
are  being  cut.  The  selection  should  be  made  so 
that, as  each  tooth  starts  its  cut, the  tooth  ahead 
of  it  will  still  be  cutting. 

To  make  the  cut, first  install  the  blade  in  the 
hacksaw  frame  (fig.  1-27)  so  that  the  teeth  point 
away  from  the  handle  of  the  hacksaw.  (Hand, 
hacksaws  cut  on  the  push  stroke.)  Tighten  the 
wlngnut  so  that;  the  blade  is  definitely  under 
tension*  This  helps  make  straight  cuts. 

Place  the  material  to  be  cut, In  a  vise.  A 
minimum  of  overhang  will  reduce  vibration, 
give  a  better  cut,  and  lengthen  the  life  of  the 
blade.  Have  the  layout  line  outside  of  the  vise 
Jaw  so  that  the  line  Is  visible  while  you  work.  * 
0  The  proper  method  of  holding  the  hacksaw  Is 
depicted  in  figure  1-28.  See  how  the  index 
finger  of  the  right  hand,  pointed  forward,  aiaa 
In  guiding  the  frame. 

When  cutting,  let  your  body  sway  ahead  and 
back  with  each  stroke.  Apply  pressure  on  the 
forward  stroke,  which  Is  the  cutting  stroke, 
but  not  on  the  return  stroke.  From  40  to  50 
strokes  per  minute  Is  the  usual  speed.  Long, 
slow,  steady  strokes  are  preferred. 

For  long  cuts  (fig.  1-29)  rotate  the  Mad*  In 
the  frame  so  that  the  length  of  the  cut  Is  aot 
limited  by  the  depth  of  the  frame.  Hold  the 
work  with  the  layout  line  close  to  the  vise  jaws, 
raising  the  work  In  the  vise  as  the  sawing 
proceeds. 

Saw  thin  metal  as  shown  In  figure  1-30. 
Notice  the  long  angle  at  which  the  blade  enters 
the  saw  groove  (kerf).  This  permits  several 
teeth  to  be  cutting  at  the  same  time. 

Metal  which  is  too  thin  to  be  held,  as  shown 
in  figure  1-30,  can  be  placed  between  blocks  of 
wood,  as  shown  in  figure  1-31.  The  wood  pro- 
vides support  for  several  teeth  as, they  are 
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Figure  l-29.-Making  a  long  cut, 
near  the  edge  of  stock. 


44.170 

Figure  l-30.-Cutting  thin  metal 
with  a  hacksaw. 

cutting.  Without  the  wood,  as-*own  at  B  in  fig- 
ure 1-31,  teeth  will  be  broken  due  to  excessive 
vibration  of  the  stock  and  because  Individual 
teeth  have  to  absorb  the  full  power  of  the  stroke. 

Cot  thin  metal  with  layout  lines  on  the  face 
by  using  a  piece  of  wood  behind  it  (fig*  1-32). 
Bold  the  wood  and  the  metal  in  the  Jaws  of  the 
vies,  using  a  C-damp  when  necessary.  The 
wood  block  helps  support  the  blade  and  pro- 
duces a  smoother  cut.  Using  the  wood  only  in, 
back  of  the  metal  permits  the  layout  lines  to  be 


To  remove  a  frozen  nut  with  a  hacksaw,  saw 
into  the  nut  as  shown  In  figure  1-33,  starting, 
the  blade  close  to  the  threads  on  the  bolt  or  stud 
and  parallel  to  one  face  of  the  nut  as  shown  in 
figure  1-33A.  Saw  parallel  to  the  bolt  until  the 
teeth  of  the  blade  almost  reach  the  lockwasher. 
Lockwashers  are  hard  and  will  ruin  hacksaw 
blades,  so  do  not  try  to  saw  them.  Figure  1-33B 
shows  when  to  stop  sawing.  Then,  with  a  cold 
chisel  and  hammer,  remove  this  one  side  of  the 
not  completely  by  opening  the  saw  kerf.  Put  an 
adjustable  wrench  across  this  new  flat  and  the 
one  opposite,  and  again  try  to  remove  the  frozen 
nut.  Since  very  little  original  metal  remains 
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Figure  l-Sl.-Cutting  thin  metal 
between  two  wooden  blocks. 


CUTTING  STROKE 


HACKSAW 
.  SIA06 


W00OCN  BLOCK 


*  44.172 
♦  Figure  l-32.-Cuttlng  thin  metal  using 
wood  block  with  layout  lines. 

on  this  one  side  of  the  nut,  the  nut  will  either 
give  or  break  away  entirely  and  permit  its 
removal. 

To  saw  a  wide  kerf  In  the  head  of  a  cap  screw 
or  machine  bolt,  fit  the  hand  hacksaw  frame 
with  two  blades  side  by  side,  and  with  teeth 
lined  up  in  the  same  direction.  With  slow, 
steady  strokes,  saw  the  slot  approximately  one- 
third  the  thickness  of  the  head  of  the  cap  screw 
as  shown  in  figure  lr 34.  Such  a  slot  will  per- 
mit subsequent  hoidingor  turning  with  a  screw- 
driver when  it  Is  impossible,  due  to  close 
quarters,  to  use  a  wrench. 


Hacksaw  Safety 

The  main  danger  in  using  hacksaws  is  injury 
to  your  hand  if  the  blade  breaks.  The  blade 
will  break  if  too  much  pressure  is  applled,when 
the  saw  is  twisted,  when  the  cutting  speed  is 
too  fast,  or  when  the  blade  becomes  loose  in  the 
frame.  Additionally,  if  the  work  is  not  tight  in 
the  vise,  it  will  sometimes  slip,  twisting  the 
blade  enough  to  break  it. 
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Tigure  1-33.— Removing  a  frozen 
nut  with  a 'hacksaw.  « 
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Figure  l-34.-Cutting  a  wide  kerf  in 
the  head  of  a  capacrew  or  bolt. 
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Figure  l-35.-Rod  Saw  and  operations. 
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ROD  SAWS 

Aa  improvement  in  industrial  technology 
provides  us  with  a  tool  thatVfcan  cut  material  an 
ordinary  hacksaw  can't  even  scratch.'  The  rod 
saw  (fig.  1*35)  acts  like  a  diamond  in  its  capa- 
bility of  cutting  hard  metals  and  materials  such 
as  stainless  steel,  Ihconel,  titanium,  and  carbon 
phenolics. 

The  rod  saw  cuts  through  material  by  means 
of  hundreds  of  tungsten- carbide  particles  per* 
manentty  bonded  to  the  rod  (see  magnified  por- 
tion of  fig.  1-35).  The  rod  saw  cuts  through 
stainless  steel  and  files  with  ease. 
.'<  A  unique  feature  of  this  saw  is  its,  capability 
of  cutting  on  the  forward  axui  reverse  strokes.  . 

CHISELS 

Chisels  aire  tools  that  can  be  used  for  chip- 
ping or  cutting  metal.  They  will  cut  any  metal 
that  [is  softer  than  the  materials  of  which  they 


are  made.  Chisels  are  made  from  a  good  grade 
tool  steel  and  have  a  hardened  cutting  edge  and 
beveled  head.  Cold  chisels  are  classified  ac- 
cording to  the  shape  of  their  points,  and  the 
width  of  the  cutting  edge  denotes  their  size.  The 
most  common  shapes  of  chisels  are  flat  (cold 
chisel),  cape,  round  nose,  and  diamond  point 
(fig.  1-36).  ; 

The  type  chisel  most  commonly  used  is  the 
flat  cold  chisel,  which  serves  to  cut  rivets, 
split  nuts,  chip  castings,  and  cLt  thin  metal 
sheets.  The  cape  chisel  is  used  for  special 
jobs  like  cutting  keyways,  narrow  grooves  and 

*  square  corner*.  Round-nose  chisels  make  cir- 
cular grooves  and  chip,  inside  corners  with  a 
fillet.  Finally,  the  diamond-point  is  used  for 

"  cutting  V- grooves  and  sharp  corners. 

As  with  other  tools  there  is  a  correct  tech- 
nique for  using  a  chisel.  Select  a  chisel  that  is 
large  enough  for  the  job.  Be  surfe  to  use  a  ham- 
mer that  matches  the  chisel;  that  is,  the  larger 
the  chisel,  ,the  heivier  the  hammer.  A  heavy 
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Figure  l-36.-Typee  of  points  on 
metal, cutting  chisel. 


chisel  will  abeorb  the  blows  of  a  light  hammer 
and  will  do  virtually  no.  cutting. 

As  a  general  rule,  hold  the  chisel  In  the  left 
band  wtththe  thumb  and  flr  at  finger  about  1  inch 
from  the  toi>.  S  should  be  held  steadily  but  not 
tightly.  The  finger  muscles  should  be  relaxed, 
so  If  the  hammer  strikes  the  hand  It  will  permit 
the  hand  to  slide  down  the  tool  and  lessen  the 
effect  of  the  blow.  Keep  the  eyes  on  the  cutting, 
edge  of  the  chisel,  not  on  the  head,  and  swing 
the  hammer  Is  the  same  plane  as  the  body  of  the 
chisel.  If  you  have  a  lot  of  chiseling  to  do,  elide 
a  piece  of  rubber  hose  over  the  chisel.  This 
will  lessen  the  shock  to  your  hand. 

When  using  a  chisel  for  chipping,  always 
wsaf  goggles  to  protect  your  eyes.  If  other 
men  are  working  close  by,  see  that  they  are 
protected  from  flying  chips  by  erecting  a  screen 
or  shield  to  contain  the  chips.  Remember  that 
the  time  to  take  these  precautions  Is  before  you 
start  the  job. 


FILES 

A  toolkit  for  nearly  every  rating  In  the  Navy 
Is  not  complete  unless  It  contains  an  assort- 
ment of  flies.  There  are  a  number  of  different 
types  of  files  In  common  use,  and  each  type 
may  range  in  length  from  3  to  18  Inches. 


SINGLE  CUT 


DOUBLE  CUT 


A.  SINGLE  AND  DOUBLE-CUT  PILES 


SINGLE  CUT 


SASTARO  CUT     SECOND  CUT  SMOOTH 
DOUBLE  CUT 


BASTARD  CUT  -  SECOND  CUT  SMOOTH 


TANG 


t,  DESIGN  AND  SPACING 
OF  FILE  TEETH 


MKL       FACE  eoOE 
C  PILE  NOMENCLATURE. 


SQUARE     TRIANGULAR  ROUND 

'C-v.'.-j-y.'Sl  r^;-:;-v.--.v--3 
HALF  ROUND     MILL  PLAT 


D.  CROSS-SECTIONAL  SHAPES  OP  PILES 

1.20(44B)A 
Figure  l-37.-File  Information. 
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Grades 

Files  are  graded  according  to  the  degree  of 
fineness,  and  according  to  whether  they  have 
single-  or  double-cut  teeth.  The  difference  is 
apparent  when  you  compare  the  files  in  figure 
l-37Av  ' 

Single- cut  files  have  rows  of  teeth  cut  par- 
allel to  each  other.  These  teeth  are  set  at  an 
angle  of  about  65  degrees  with  the  centerliner 
You  will  use  single-cut  files  for  sharpening 
tools,  finish  filing,  and  drawfiling.  They  are 
also  the  best  tools  for  smoothing  the  edges  of 
sheet  metal.  ~ 

Files  with  crisscrossed  rows  of  teeth  are 
double-cut  files.  The  double  cut  forms  teeth 
that  are  diamond- shaped  and  fast  cutting.  You 
will  use  double-cut  files  for  quick  removal  of 
metal,  and  for  rough  work. 

Files  are  also,  graded  according  to  the  spac- 
ing and  size  of  their  teeth,  or  their  coarseness 


and  fineness.  Some  of  these  grades  are  pic- 
tures in  fig.  1-37B.  In  addition  to  the  three 
grades  shown,  you  may  use  some  DEAD  SMOOTH 
files,  which  have  very  fine  teeth,  and  some 
ROUGH  files  with  very  coarse  teeth.*  The  fine- 
ness or  coarseness  of  file  teeth  is  also  influ- 
enced by  the  length  of  the  file.  (The  length  of  a 
file  is  the  distance  from  the  tip  to  the  heel,  and 
does  not  include  the  tang  (fig.  1-37C).)  When 
you  have  a  chance,  compare  the  actual  size  of 
the  teeth  of  a  6-inch,  single-cut  smooth  file  and 
a  12-inch,  single-cut  smooth  file;  you  will  no- 
tice the  6-inch  file  has  more  teeth  per  inch  than 
the  12-inch  file.  -  y 

Shapes 

Files  come  in  different  shapes.  Therefore, 
in  selecting  a  file  for  a  job,  the  shape  of  the 
finished  work  must  be  considered.  Some  of  the 
cross  sectional  shapes  are  shown  in  figure 
1-37D.  . 
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TRIANGULAR  filet  are  tapered  (longitudi- 
nally) on  all  three  sides.  They  are  used  to  file 
acute  Internal  angles,  and  to  clear  out  square 
corners.  Special  triangular  files  are  used  to 
file  saw  teeth. 

MILL  files  are  tapered  in  both  width  and 
thickness.  One  edge  has  no  teeth  and  is  known 
as  a  SAFE  EDGE.  Mill  files  are  used  for 
smoothing  lathe  work,  drawfiling,  and  other 
fine,  precision  wox*.  Mill  fiWs  are  always 
single-cut. 

FLAT  files  are  general-purpose  files  and 
may  be  either  single-  or  double-cut.  They  are 
tapered  In  width  and  thickness.  HARD  files,  not 
Aown,.are  somewhat  thicker  than  flat  files. 
They  taper  slightly  in  thickness,  but  their  edges 
are  parallel. 

.  The  flat  or  hard  files  most  often  used  are  the 
double-cut  for  rough  work  and  the  single-cut, 
smooth  file  for  finish  work. 

SQUARE  files  are  tapered  on  all  four  sides 
and  are  used  to  enlarge  rectangular-shaped 
holes  and  slots.  ROUND  files  serve  the  same 
purpose  for  round  openings.  Small  round  files 
are  often  called  "rattail"  files. 

The  HALF  ROUND  file  is  a  general-purpose 
tool.  The  rounded  side  Is  used  for  curved  sur- 
faces and  the  flat  face  on  flat  surfaces.  When 
you  file  an  Inside  curve,  use  a  round  or  half- 
round  file  whose  curve  most  nearly  matches  the 
curve  of  the  work. 

Kits  of  small  files,  often  called  "Swiss  Pat- 
tern" or  "Jewelers"  files*  are  used  to  fit  parts 
of  delicate  mechanisms,  and  for  filing  work  on 
instruments.  -  Handle  these  small  files  care- 
fully because  they  break  easily. 

FILING  OPERATIONS 

Using  a  file  is  an  operation  that  Is  nearly  in- 
dispensable when  working  with  metal.  You  may 
be  crossfiling,  drawfiling,  using  a  file  card,  or 
even  polishing  metal.  Let's  examine  these 
operations. 

When  you  have  finished  using  a  file  It  may  be 
necessary  to  use  an  abrasive  cloth  or  paper  to 
finish  the  product.  Whether  this  is  necessary 
depends  on  how  fine  a  finish  you  want  on  the 
.work. 

CROSSFILING.— Figure  1-  38 A  shows  a  piece 
of  mild  steel  being  crossf  lied.  This  means  that 
the  file  Is  being  moved  across  the  surface  of  the 
work  in  approximately  a  crosswise  direction. 


A.  POLISHING  METAL  WITH  ABRASIVE  CLOTH 
WRAPPED  AROUND  A  PILE 


A  B 


B.  ALTERNATE  METHODS  FOR  POLISHING  METAL 
SURFACE 


C.  POLISHING  ROUND  METAL  STOCK 

44.135:.136 
Figure  1-39  .-Polishing  operations. 
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For  beit  results,  keep  your  feet  spread  apart 
to  steady  yourself  as  you  fUe  with  slow,  full- 
length,  steady  strokes.  The  file  cuts  as  you 
push  it- ease  up  on  the  return  stroke  to  keep 
from  dulling  the  teeth.  Keep  your  file  clean. 

Figure  1-38B  shows  the  alternate  positions 
of  the  file  when  an  exceptionally  flat  surfece  is 
required.  Using  either  position  first,  file 
across  the  entire  length  >of  the  stock.  Then, 
using  the  other  position,  file  across  the  entire 
length  of  the  stock  again.  Because  the  teeth  of 
the  file  pass  over  the  surface  of  the  stock  from 
two  directions, the  high  spots  and  low  spots  will 
readily  be  visible  after  filing  in  both  positions. 
Continue  filing  first  in  one  position  or  direc- 
tion and  then  the  other  until  the  surface  has 
been  filed  flat.  Test  the  f  latnees  with  a  straight 
edge  or  with  Prussian  blue  and  a  surfece  plate- 

DRAW  FILING.  —Draw  filing  produces  a  finer 
surface  finish  and  usually  a  flatter  surface  than 
.  crossfiling.  Small  parts,  as  shown  in  figure 
1-38C,  are  best  held  in  a  vise.  Hold  the  file  as 
shown  iathe  figure;,  notice  that  the  arrow  indi- 
cates that  the  cutting  stroke  is  away  from  you 
when  the  handle  of  the  file  is  held  in  the  right 
hand,  U  the  handle  is  held  in  the  left  hand,  the 
cutting  stroke  will  be  toward  you.  Lift  the  file 
away  from  the  surface  of  the  work  on  the  re- 
turn stroke.  When  draw  filing  will  no  longer 
improve  the  surface  texture,  wrap  a  piece  of 
abrasive  cltoh  around  the  file  and  polish  the 
airface  as  shown  in  figure  1-39A. 

USE  OF  FILE  CAHD.-As  you  file,  the  teeth 
of  the  file  may  "clog  up"  with  some  of  the  metal 
filings  and  scratch  your  work.  This  condition  is 
known  as  PINNING..  You  can  prevent  pinning  by 
keeping  the  file  teeth  clean.  Rubbing  chalk  be- 
tween the  teeth  will  help  prevent  pinning,  too, 
but  the  best  method  is  to  clean  the  file  fre- 
quently with  a  FILE  CARD  or  Brush.  A  file 
card  (fig.  1-40)  has  fine*  wire  bristles.  Brush 
with  a  pulling  motion,  holding  the  card  parallel 
to  the  rows  of  teeth. 

Always  keep  the  file  clean,  whether  you're 
filing  mild  steel  or  other  metals.  Use  chalk 
liberally  when  filing  nonf errour*  metals. 

FILING  ROUND  METAL  .  STOCK.-  Figure 
1-38D  shows  that,  as  a  file  is  passed  over  the 
eurface  of  round  work,  its  angle  with  the  work 
.  is  changed.  This  results  in  a  rocking- motion  61 
the  file  as  it  passes  over  the  work.  This  rock- 
ing motion  permits  ail  the  teeth  on  the  file  to 
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Figure  l-40.-File  cleaner. 


make  contact  and  cut  as  they  pass,  over  the 
work's  surface,  thus  tending  to  keep  the  file 
much  cleaner  and  thereby  doing  better  wprk. 

POLISHING  A  FLAT  METAL  SURFACE.—  ' 
When  polishing^  flat  metal  surface,  first  draw 
file  the  surface  as  shown  in  fig.  1-38C.  Then, 
when  the  best  possible  draw  filed  surface  has 
been  obtained,  proceed  with,  abrasive  cloth, 
often  called  emery  cloth.  Select  a  grade  of 
cloth  suited  to  the  draw  filing.  If  the  draw  f il- 
ing  was  well  done  only  a  fine  cloth  will  be 
needed  to  do  the  polishing. 

If  yqur  cloth  is  in  a  roll,  and  the  job  you  are 
polishing  is  the  size  that  would  be  held  in  a 
vise,  tear  off  a  6"  or  8"  length  of  the  1"  or  2" 
width.  If  you  are  using  sheets  of  abrasive 
cloth,  tear  off  a  strip  from  the  long  edge  of  the 
8"  by  11"  sheet. 

Wrap  the  cloth,  around  the  file' (fig.  1-39A) 
and  hold  the  file  as  you  would  for  draw  filing. 
Hold  the  end  of  the  .cloth  in  place  with  your 
thumb.  In  polishing,  apply  a  thin  film  of  lubri- 
cating oil  on  the  surface  being  polished  and  use 
a  double  stroke  with  pressure  on  both  the  for- 
ward and  the  backward  strokes.  Note  that  this 
is  different  from  the  drawfiling  stroke  in  which 
you  cut  with  the  file  in  only  one  direction. 

When  further  polishing  does  not  appear  to 
improve  the  surfece,  you  are  ready  to  use  the 
next  finer  grade  of  cloth.  Before  changing  to 
the  finer  grade,  however,  reverse  the  cloth  so 
that  its  back  is  toward  the  surface  being 
polished. 

Work  the  reversed  cloth  back  and  forth  in  the 
abrasive-ladtfn  oil  as  ai*  intermediate  step  be- 
tween grades  of  abrasive  cltoh.  Then,  with  the  - 
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solvent,  available  in  your  shop,  clean  the  40b 
thoroughly  before  proceeding  with  the  next  finer 
grade  of  cloth.  Careful  cleaning  between  grades 
helps  to  ensure  freedom  from  scratches. 

For  the  final  polish,  use  a  strip  of  crocus 
cloth— first  the  face  and  then  the  back-with 
plenty  of  oil.  When  polishing  is  complete,  again 
carefully  clean  the  job  with  a  solvent  ait  I  pro* 
tect  it,  with  oil  or  other  means,  from  rusting. 

Figure  1-39B(A)  shows  another  way  to  polish 
in  which  the  abrasive  Cloth  is  wrapped  around  a 
block  of  wood.  In  figure  1-39B(B),  the  cloth  has 
simply  been  folded  to  form  a  pad  from  which  a 
worn,  dull  surface  can  be  removed  by  simply 
tearing  it  off  to  expose  a  new  surface. 

POLISHING  ROUND  METAL  STOCK.- In  fig- 
ure 1-39C,  a  piece  of  round  stock  is  being 
polished  with  a  strip  of  abrasive  cloth  which  is 
"seesawed"  back  and  forth  as  it  is  guided  oyer 
the  surface  being  polished. ' 

Remember  that  the  selection  otoxades  of 
abrasive  cloth,  the  application  of.  oil,  and  the 
cleaning  between  grades,  applies  to  polishing 
regardless  of  how  the  cloth  is  held  or  used. 

Care  of  Files 

A  new  file  should  be  broken  in  carefully  by 
using  it  first  on  brass,  bronze,  or  smooth  cast  ( 
iron.  Just  a  few  of  the  teeth  will  cut  at  first,  so 
use  a  light  pressure  to  prevent  tooth  breakage. 
Do  not  break  in  a  new  file  by  using  it  first  on  a 
narrow  surface. 

Protect  the  file  teeth  by  hanging  your  files  in 
a  rack  when  they  are  not  in  use;  or  by  placing 
them  in  drawers  with  wooden  partitions.  Your 
files  should  not  be"  allowed  to  rust-keep  them 
away  from  water  and  moisture.  Avoid  getting 
the  files  oily.  Oil  causes  a  file  to  slide  across 
the  wotk  and  prevents  fast,  clean  cutting.  Files 
that  you  keep  in  your  tooibox  should  be  wrapped 
in  paper  pr  cloth  tor  protect  their  teeth  and  pre- 
jrent  damage' to  other  tools.   

Never  use  a  file  for  prying  or  pounding.  The 
tang  is  soft  and  bends  easily.  The  body  is  hard 
and  extremely  brittle.  Even  a  slight  bend  or  a 
fall  to  the  deck  may  cause  a  file  to  snap  in  two. 
Do  not  strike  a  file  against  the  bench  or  vise  to 
clean  it-use  |$ie  card. 

Safety 

Never  use  a  file  unless  it  is  equipped  with  a 
-  tight-fitting  handle.  If  you  use  a  file  without  the 
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Figure  1-41.-Twist  drill 
nomenclature.  . 
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handle  and  it  bumps'  something  or  jams  to  a 
sudden  stop,  the  .tang  may 'be  driven  into  your 
hand.  To  put  a  handle  on  a  file  tang9  drill  a 
hole  in  the  handle,  slightly  smaller  than  the 
tang.  Insert  the  tang  end,  and  then  Up  the  end 
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Of  tht  handle  to  teat  it  firmly.  Make  sure  you 
get  the  handle  on  straight. 


TWBT  DRILLS  ; 

Making  a  hole  in  a  piece  of  metal  is  gener- 
ally a  simple  operation,  but  in  most  cases  is  an 
important  and  a  precise  Job.  A  large  number  of  * 
different  tools  and  machineshave  been  designed 
so  that  holes  may  be  made  speedily,  economi- 
cally, and  accurately  in  all  kinds  of  material. 

In  order  to  be  able  to  use  these  tools  effi- 
ciently, it  is  well  to  become .  acquainted  with 
them.  The  most  common  tool  ' for  making  holes 
in  metal  is  the  twist  drill.  S  consists  of  a 
cylindrical  piece  of  steel  with  spiral  grooves. 
Ctee  end  of  the  cylinder  is  pointed  while  the 
other  end  is  shaped  so  that  it  may  be  attached 
to  a  drilling  machine.  The  grooves,  usually 
called  FLUTES,  may  be  cut  into,ihe  steel  cyl- 
inder, or  the  flutes  may  be  formed  by  twisting 
a  flat  piece  of  steel  into  a  cylindrical  shape. 

The  principal  parts  of  a  twist  drill  are  the 
body,  the  shank,  and  the  point  (fig.  1-41).  The 
dead  center  of  a  drill  is  the  sharp  edge  at  the 
extreme  tip  end  of  the  drill,  ft  is  formed  by 
the  intersection  of  the  cone-shaped  surfaces  of 
the  point  and  should  always  be  in  the  exact 
center  of  the  axis  of  the  drill.  The  point  of  the 
drill  should  not  be  confused  with  "the  dead  cen- 
ter. The  point  is  the  entire  cone- shaped  sur- 
face at  the  end  of  the  drill. 

The  lip  or  cutting  edge  of  a  drill  is  that  part 
of  tiie  point  that  actually  cuts  away  the  metal 
whe»  drilling  a  hole.  It  is  ordinarily  as  sharp 
as  the  edge,  of  a  knife.  There  is  a  cutting  edge 
for  tech  flute  of  the  drill. 

Tht  lip  clearance  of  a  drill  is  the  surface  of 
the  point  that  is  ground  away  or  relieved  just 
back  of  the  cutting  edge  of  the  drill.  The  strip 
along  the  inner  edge  of  the  body  is  called  the 
margin,  ft  is  the  -greatest  diameter  of  the  drill 
and  extends  the  'entire  length  of  the  flute.  The 
diameter  of  the  margin  at  the  shank  end  of  the 
drill  is  smaller  than  the  diameter  at  the  point. 
This  allows  the  drill  to  revolve  without  binding 
when  drilling  deep  holes.  . 
s  The  shank  is  the  part  of  the  drill  which  fits 
Into  the  socket,  spindle,  or  chuck  of  the  drill 
pr§ss.  Several  types  exist  (fig.  1-42). 

A  tang  is  found pnly  on  tapered- shank  drills, 
ft  is  designed  to  fit  into  a  slot  in  the  socket  or 
spindle  of  a  machine.  It  may  bear  a  portion  of 
the  driving  torque,  but  its  principal  use  is  to 
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.    Figure  1-42  .-Representative  shanks. 

make  it  easy  to  remove  the  drill  from  the  socket 
of  the  driving  machine. 

Twist  drills  are  provided  in  various  sizes. 
They  are  sized  by  letters,  numerals,  and 
fraction*. 

Table  1-1  illustrates  the '  relationship,  by 
decimal  equivalents,  of  all  drill  sizes  (letter, 
number,  and  fractional)  from  number  80  to  1/2 
inch.  Note  how  the  decimal  sizes  increase  as 
the  number  of  the  drill  decreases. 

Sets  of  drills  are  usually  made  available  ac- 
cording to  the  way  the  si*es  are  stated;  that  is 
"sets  of  letter  drills"  or  "sets  of  number 
drills."  However,  twist  drills  of  any  size  (let- 
ter, number,  or  fraction)  are  available  indi- 
vidually if  desired. 

The  maintenance  of  twist  drills  and  more 
about  how  to  use  them  on  specific  jobs  are  dis- 
cussed later. 

COUNTERSINKS 

Countersinking  is  the  operation  of  beveliftg 
the  mouth  of  a  hole  with  a  rotary  tool  called  a 
countersink  (fig.  1-43).  The  construction  of  the 
countersink  is  similar  to  the  twist  drill.  There 
are  four  cutting  edges,  which  are  taper  ground, 
to  the  angle  marked  on  the  body. 

"A"countersink4s  used  primarily  to  set  the 
head  of  a  screw  or  rivet  flurfi  with  the  material 
in  which  it  is  being  placed.  Countersinks  are 
made  in  a  number  of  sizes.  One  size  usually 
takes  care  pt  holes  of  several  different  sizes. 
That  is,  the  same  countersink 'can  be  used  for 
holej  from  1/4  inch  to  1/2  inch  in  diameter. 
Remove  only  enough  metal  to  set  the  screw  or 
rivet  head  flush  with  the  material.    If  you 
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^^^^^^^^^^ 

v  Drill 

Decimal 

Drill 

.Decimal 

80 

0.0135 

49  ' 

0.073 

79 

0.0145 

48 

0.076 

78 

0.016 

5/64- 

0.078125 

1/84  . 

0.0156  . 

47 

0.0785 

77 

0.018 

46 

0.081 

76 

0.02 

45 

0.082 

75 

0.021 

44 

-0.086 

74  . 

0.0225 

43 

0.089 

73 

0.024 

42 

0.0935 

72 

.  0.025 

.3/32 

0.09375 

71 

0.026  -  - 

41. 

0.096 

70 

0.028 

40 

0.098 

"69 

.  0.0292 

39 

0.0995 

88 

0.031 

38 

0.1015 

1/32 

0.03125 

37 

0.104 

67 

0.032 

36 

0.1055 

66 

0.033 

7/64 

0.109375 

65 

0.035 

35 

0.11 

64 

Q.036 

34 

0.111 . 

63 

0.037 

33 

0.113 

62 

0.038 

32 

,  0.116 

61 

0.039 

31 

0.12 

60  . 

0.01 

1/8, 

0.125  \ 

59 

0.041 

I!0- 

0.1285, 

58 

0.042 

29 

0.136 

57 

0.043 

28 

0.1405 

DO 

n  Milt 

0/84 

0.140625 

3/64 

0.046875 

27 

0.144 

55 

0.052 

26 

0.147  * 

54 

0.055 

25 

0.1495 

53 

0.0595 

~24 

0.152 

1/16 

0.0625  ' 

23 

0.154 

52 

.  0.0635 

5/32 

0.15625 

51 

0.087 

22 

0.157 

50 

0.07 

21 

Q.159  , 

i 

* 

Table  l-l.-Declmal  Equivalents  of  Drill  Sizes 


Drill 


Decimal 

Drill 

* 

0.161 

H 

0.166 

I 

0.1695 

J 

0.171875 

K  . 

0.173 

9/22 

0.177  " 

'  L 

Qii8 

M 

0.182 

19/64 

0.185 

N 

0.1875 

5/16 

0.189 

0 

0.191 

P 

.0.1935 

■  21/64 

0.196 

Q 

0.199 

R 

0.201 

11/32 

0.203125 

S 

0.204 

■  T- 

0.2055 

\  23/64 

0.209 

U 

0 .213 

3/8 

0.21875 

V 

0.221 

W 

0.228 

25/64 

0.234  . 

X 

0.234375 

Y 

0.238 

13/32 

0.242 

Z 

0.246 

27/64 

0.25 

7/16 

0.25 

29/64 

0.257 

15/32 

0.261 

31/64 

O.205625 

1/2 

Decimal 


20 
19 
18 

11/64 
17 
16 
15 

14  ' 
13 

3/16 

11 

10 

9 

8 

7 

13/64 

6 

5 

4 

3 

7/32 
2 
1 
A 

15/64 

B 

C 

D 

E 

1/4 

F 

G 

17/64 


0.266 

0.272 

0.277 

0.281  • 

0.28125 

0.29 

0.295 

0.296875 

0.302 

0.3125 

0.316 

0.323 

0.328125 

0.332. 

0.339 

0.34375 

0.348 

0.358 

0.359375 

0.368 

0.375 

0.377 

0.386 

0.390625 

0.397 

0.404 

6.40625 

0.413 

0.421875 

0.4375 

0.453125 

0.46875 

0.484375 

0.5 
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remove  too  much  material  the  hole.wlli  enlarge 
and  weaken  the  work. 

Select  the  countersink  with  the  correct  Up 
angle  to  correspond  with  the  screw  or  rivet 
head  being  used.  These  countersinks  can  be 
turned  by  any  machine  thatwlllturn  a  twist  drill. 


REAMERS 

Reamers  are  used  to  enlarge  and  true  a 
hole.  The  reamer  consists  of  three  parts-the 
body,  the  shank,  and  the  blades.  The  shank  has 
a  square  tang  to  allow  the  reamer- to  be  held 
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28.59(44) 
Figure  l-43.-Counteraink. 


5.10.1 

Figure  l-44.-Above-solid  spiral  flute 

reamer.  Below- eolid  straight  flute 
*  reamer. 
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5.10.2 

Figure  1-45.— Expansion  reamer. 


with  a  wrench  for  turning.  The  nabi  purpose  of 
the  body  is  to  support  the  blades. 

The  blades  on  a  reamer  are  made  of  steel 
and  hardened  to  such  an  extent  that  they  are 
brittle.  For  this  reason  you  must  be  careful 
when  using  and  storing  the  reamer  to  protect 
the  blades  from  chipping.  When  you  are  ream- 
„  ing  a  hole,  turn  the  reamer  in  the  CUTTING  DI- 
RECTION ONLY.  This  will  prevent  chipping  or 
dulling  of  the  blades.  Great  care  should  be 
used  to  assure  even,  steady  turning.  Other- 
wise, the  reamer  will  "chatter,"  causing  the 
hole  to  become  marked  or  scored.  To  prevent 
damage  to  the  reamer  while  not  in  use,  wrap  it 
in  an  oily  cloth  and  keep  it  in  a  box. 

Reamers  of  the  types  shown  in  figure  1-44 
are  available  in  any  standard  size.  They  are 
also  available  in  size  variations  of  .001"  for 
special  work..  A  solid  straight  flute  reamer 
lasts  longer  and  is  less  expensive  than  the  ex- 
pansion reamer.  However,  the  solid  spiral 
flute  reamer  is  preferred  by  craftsmen  because 
it  Is  less  likely  to  chatter. 

For  general  purposes,  an  expansion  reamer 
(fig.  1-45)  is  the  most  practical.  This  reamer 
can  usually  be  obtained  in  standard  sizes  from 
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Figure  l-46.-Punches. 
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1/4  of  an  inch  to  1  inch,  by  32nds.  It  is  designed 
to  allow  the  blades  to  expand  1/32  of  an  inch. 
For  example,  the  1/4-inch  expansion  reamer 
wUl  ream  a  l/4«inch  to  a  9/32-inch  hole.  A 
9/32-inch  reamer  will  enlarge  the  hole  from 
9/32  of  an  inch  to  5/16  of  an  inch.  This  range 
of  adjustment  allows  a  few  reamers  to  cover 
sizes  up  to  1  inch. 

Reamers  are  made  of  carbon  steel  and  high- 
speed steel.  In  general,  the  cutting  blades  of  a 
high-speed  reamer  lose  their  keenness  more 
quickly  than  a  carbon  steel  reamer.  However, 
after  that  keennestf  is  gone,  it  will  last  longer 
than  the  carbon  reamer. 


PUNCHES 


A  hand  punch  is  a  tool  .that  is  held  in  the  hand 
and  struck  on  one  end  with  a  hammer.  There 
are  many  kinds  of  punches  designed  to  do 9  a 
variety  of  Jobs.  Figure  1-46,  shows  several 
types  of  punches.  Most  punches  are  made  of 
tool  steel*  The  part  held  in  the  hand  is  usually 
octagonal  shaped,  or  it  may  be  knurled.  This  * 
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28.32 

Figure  1-47.— Punching 
meting  parte  of  a 
mechanism. 


prevents  the  tool/from  slipping  around  in  the 
hand.  The  other  end  is  shaped  to  do  a  particu- 
lar Job.       /  ' 

When  you  use  a  punch,  there  are  two,  things 
to  remember: 

1.  When  you  hit  the  punch  you  do  not  want  it 
to  slip,  sideways  over  your  work. 

2.  You  do  not  want  the  hammer  to  slip  off 
the  punch  and  strike  your  fingers.  You  can 
eliminate  both  these  troubles  by  holding  the 
punch  at  right  angles  to  the  work,  and  striking 
the  punch  squarely  with  your  hammer. 

The  center  punch,  as  the  name  implies,  is 
used  for  marking  the  center  of  a  hole  to  be 
drilled.  It  you  try  to  drill  a  hole  without  first 
punching  the  center,  the  drill  will  "wander"  or 
♦Valk  away"  from  the  desired  center. 

Another  use  of  the  center  punch  is  to  make 
corresponding  marks  on  two  pieces  of  an  as- 
sembly to  permit  reassembling  in  the  original 
positions.  Before  taking  a  mechanism  apart, 
make  a  pair  of  center  punchmarks  in  one  or 
more  places  to  help  in  reassembly.  To  do  this, 
select  (daces,  staggered  as  shown  in  figure 
1-47,  where  matching  pieces  are  joined.  First 
clean  the  places- selected.  Then  scribe  a  line 
across  the  Joint  and  center  punch  the  line  on 
both  sides  of  the  joint,  with  single  and  double 
marks  as  shown  to  eliminate  possible  er?$ra. 
In  reassembly,  refer  first  to  the  sets  of  Afonch- 
marks  to  determine  the  approximate  position  of 
the  parts.  Then  line  up  the  scribe?  lines  tot 
determine  the  exact  position.  / 

Automatic  center  punches  are  useful  for  lay- 
out work;  They  are  operated  by /pressing  .down 
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Figure  1-48.— Marking  the  inter- 
section of  lines  with  a  prick 
.punch.  ~ 

>  *  . 

on  the  shank  by  hand.  An inrtde^ring  is  com- 
pressed and  released  automatically,  striking  a 
blow  on  the  end  of  the  punch.  The  impression 
is  light*  but  adequate  for  marking,  and  serves 
to  locate  the  point  of  a  regular  punch  when  a 
deeper  impression  is  required. 

The' point  of  a  center  punch  is  accurately 
ground  central  with  the  shank,  usually  at  a  80-90 
degree  angle,  and  is  difficult  to  regrind  by  hand 
with  any  degree  of  accuracy.  It  is,  therefore, 
advisable  to  take  care  of  a  center  punch  and  not 
to  use  it  on  extremely  hard  materials.  When 
extreme  accuracy  is  required  a  prick  punch  is 
used.  Compare  the  point  angle  of  the  center 
and  prick  punches. 

To  make  the  intersection  of  two  layout  lines, 
bring  the  point  of  the  prick  punch  to  the  exact 
point  of  intersection  and  tap  the  punch  lightly 
with  a  hammer.  If  inspection  shows  that  the 
exact  intersection  and  the  punchmarkdo  not  co- 
incide, as  at  A  in  figure  1-48,  slant  the  punch 
as  shown  at  B  and  again  strike  with  the  ham- 
mer, thus  enlarging  the  punchmark  and  cen- 
tering it  exactly.  When  the  intersection  has 
been  correctly  punched,  finish  off  with  a  light 
blow  on  the  punch  held  in  an  upright  position.  C 
shows  the  corrected  punchmark. 

DRIFT  punches,  sometimes  called  "starting^ 
punches,"  have  a  long  taper  from  the  tip  to  the 
body.  They  are  .made  that  way  to  withstand  the 
shock  of  heavy  blows.  They  may  be  used  for 
knocking  out  rivets  after  the  heads  have  been 
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chiseled  off,  or  for  freeing  pins  which  are 
"frown"  la  their  holes. 

After  a  pin  has  been  loosened  or  partially 
driven  out,  the  drift  \rench  may  be  too  large  to 
flnirft  the  Job.  The  blowup  tool  to  use  is  the 
PDf  PUNCH.  It  is  assigned  to  follow  through 
the  bole  without  Jamming.  Always  use  the 
largest  drift  or  pin  punch  that  will  fit  the  hole. 
These  punches  usually  come  in  sets  of  three  to 
five  assorted  sizes.  Both  of  these  punches  will 
have  flat  points,  never  edged  or  rounded; 

To  remove  a  bolt  or  pin  thai  is  extremely 
tight,  start  with  a  drift  punch  that  has  a  point 
diameter  that  is  slightly  smaller  than  the  diam- 
eter of  tiie  object  you  are  removing.  As  soon 
as  it  loosens,  finish  driving  it  out  with  a  pin 
punch.  Never  use  a  pin  punch  for  starting  a  pin 
because  it  has  a  slim  shank  and  a  hard  blow 
may  cause  it  to  bend  or  break. 

For  assembling  units  of  a  machine  an 
ALWEMENT  (alining)  punch  is  invaluable,  ft  is 
usually  about  1  foot  long  and  has  a  long  gradual 
taper.  Its  purpose  is  to  line  up  holes  in"  mating 
parti. 

Hollow  metal  cutting  punches  are  made  from 
hardened  tool  steel.  They  are  made  in  various 
sixes  and  are  used  to  cut  holes  in  light  gage 
sheet  metal. 

Other  puncheshave  beendestgned  for  special 
uses.  One  of  these  is  the  soft-faced  drift.  It  is 
made  of  brass  or  fiber  and  is  used  for  such 
Jobs  as  removing  shafts,  bearings,  and  wrist 
pins  from  engines.  It  is  generally  heavy  e: 
to  resist  damage  to  itself ,  but  soft  enough 
injure  the  finished  surface  on  the  part  1 
being  driven. 

You  may  have  to  rake  gaskets  of  rul 
cork,  leather,  or  composition  materials 
cutting  holts  in  gasket  materials  a  hollow 
GASKET  .PUNCH  may  be  used  (fig. 
Gasket  punches  come  in  sets  of  variou 
to  accommodate  standard  bolts  and  stud 
cutting  end  is  tapered  to  a  sharp  edge 
duce  a  clean  uniform  hole.  To  use  the 
punch,  place  the' gasket  material  to  be  k\±  on  a 
piece  of  hard  wood  or  lead  so  that  thtf  cutting 
edge  of  the  punch  will  not  be  damaged.  Then 
strike  the  punch  with  a  hammer,  driving  it 
through  the  gasket  where  holes  are  /required. 


TAPS  AND  DIES 


Taps  and  dies  are  used  to  cut  /threads,  in 
metal,  plastics,  or  hard  rubber.  The  taps  sure 
used  for  cutting  internal  thread*,  sfnd  the  dies 
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Figure  1-49.— Types  of  common  taps. 

are  used  to  cut  external  threads.  There  are 
many  different  types  of  taps.  However,  the 
most  common  are  the- taper,  plug,  bottoming, 
and  pipe  taps  (fig.  1*49). 
'  The  taper  (starting)  hand  Up  has  a  chamfer 
length  of  8  to  10  threads.  These  taps  are  used 
when  starting  a  tapping  operation  and  when  tap- 
ping through  holes. 
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Figure  l-50.-Typea  of  solid  dies.U#5#4 

Plug  hand  taps  have  a  chamfer  length  of  3  to 
5  thread!  and  are  designed  for  use  after  the 
taper  tap* 

Bottoming  hand  taps  are  used  for  threading 
the  bottom  of  a  Wind  hole.  They  have  a  very 


short  chamfer  length  of  only  1  to  1 1/2  threads 
for  this  purpose.  This  tap  is  always  used  after 
the  plug  tap  has  already  been  used*  Both  the 
taper  and  plug  taps  should  precede  the  use  of 
the  bottoming  hand  tap. 

Pipe  taps  are  used  for  pipe  fittings  and  other 
piaceswhere  extremely  tight  fltsare  necessary. 
The  tap  diameter,  from  end  to  rr  i  of  threaded 
portion,  increases  at  the  rate  c*  V4  inch  per 
foot.  All  the  threads  on  this  tap  jo  the  cutting, 
as  compared  to  the  straight  taps  where  only 
the  nonchamfered  portion  does  die  cutting. 

Dies  are  made  in  several,  different  shapes^ 
and  are  of  the  solid  or  adjustable  type.  The 
square  pipe  die  (fig.  1-50)  will  cut.  American 
Standard  Pipe  thread  only.  It  comes  in  a  va- 
riety of  sizes  for  cutting  threads  on  pipe  with 
diameters  of  1/8  inch  to  2  Inches. 


two-piece  courr  die 


SCREW  ADJUSTING  TYPE 


Figure  l-51.-Typesof  adjustable  dies. 
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Figure  l-52.-Diestocks,  diecollet,  and  tap  wrenches. 
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Figure  1-53.- Adjustable  die  guide  and  ratchet  diestocks. 
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A  rethreading  die  (fig.  1-50)  is  used  prin- 
cipally for  dressing  over  bruised  or  rusty 
threads  on  screws  or  bolts.  It  is  available  in  a 
variety  of  si2es  for  .  rethreading  American 
Standard  Coarse  and  Fine  threads.  ,  These  dies 
are  usually  hexagon  in  shape  and  can  be  turned 
with  a  socket,  box,  open-end, or  any  wrench  that 
will  fit.  Rethreading  dies  are  available  in  sets 
of  6;  10,  14,  and  28  assorted  sizes  in  a  case. 


Round  split  adjustable  dies  (fig.  1-51)  are. 
called  "Button11  dies  and  can  be  used  in  either 
hand  diestocks  or  machine  holders.  The  ad- 
justment in  the  screw  adjusting  type  is  made  by 
a  fine-pitch  screw  which  forces  the  sides  of  the 
die  apart  or  allows  them  to  spring  together. 
The  adjustment  in  the  open  adjusting  types  is 
made  by  .means  'of  three  screws  in  the  holder, 
one  for  expanding  and  two  for  compressing  the 
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WW  THREADING  SIT  WITH  RICTANGULAR 
AOJUSTABU  OIIS,  D1ISTOCK, 
WRENCH,  GUIMS  AND  TAPS 


•OCT  AND  SCtlW  TMRIADtNG  SIT  WITH 
ROUND  AOJUSTASU  SUIT  DltS, 
DtBTOCKS,  TAW,  TAP  WRINCHU 
'    AND  SCRIWDRIVIRS 


Figure  1-54. -Threading  sets. 
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dies.  Round  split  adjustable  dies  are  available 
in  a  variety  of  sizes  to  cut  American  Standard 
Coarse  and  Fine  threads,  special  form  threads, 
and  the  standard  rises  of  threads  that  are  used 
in  Britain  and  other  European  countries.  For 
hand  threading,  these  dies  are  held  in  diestocks 
(fig;  1-52).  One  type  die  stock  has  three 
pointed  screws  that  will  hold  round  dies  of  any 
construction,  although  it  is  made  specifically 
for  open  adjusting-type  dies. 

Two  piece  collet  dies  (fig.  1-51)  are  used 
with  a  collet  cap  (fig.  l-52>-and  collet  guide. 
The  die  halves  are  placed  in  the  cap  slot  and 
are  held  in  place  by  the  guide  which  screws  into 
the  underside  of  the  cap.  The  die  is  adjusted 
by  mesne  of  setscrews  at  both"  ends  of  the  in- 
ternal slot.  This  type  of  adjustable  die  is  issued 
in  various  sixes*  to  cover  the  cutting  range  of 
American  Standard  Coarse  and  Fine  and  special 
form  threads.,  Diestocks  to  hold  the  dies  comr 
in  three  different  sizes.  / 
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Figure  1-55,— Thread  chasers. 


Two-piece  rectangular  pipe  dies  (fig.  1-51) 
are  available  to  cut  American  Standard  Pipe 
threads.  They  are  held  in  ordinary  or  ratchet- 
type  diestocks  (fig.  1-53).  The  jaws  of  the  dies 
are  adjusted  by  means  of  setscrews.  An  adjust- 
able guide  serves  to  Keep  the  pipe  in  allnement 
with  respect  to  the  dies.  The  smooth  jaws  of 
the  guide  are  adjusted  by  means  of  a  ca  nr  plate; 
a  thumbscrew  locks  the  jaws  firmly  in  the  de- 
sired position. 

Threading  sets  are  available  in  many  dif- 
ferent combinations*  of  taps  and  dies,  together 
with  diestocks, Up  wrenches,  guides  and  neces- 
sary screwdrivers  and  wrenches  to  loosen  and 
tighten  adjusting  screws  and  bolts.  Figure  1-54 
illustrates  typical  threading  set  for  pipe,  bolts, 
and  screws. 

Never  attempt  to  sharpen  taps  or  dies. 
Sharpening  of  taps  and  dies  Involves  several 
highly  precise  cutting  processes  which  involve 
the  thread  characteristics  and  chamfer.  These 
'sharpening  procedures  must  be  done  by  experi- 
enced personnel  in  order  to  maintain  the  ac- 
curacy and  the  cutting  effectiveness  of  taps  and 
dies. 

Keep  taps  and  dies  clean  and  well  oiled  when 
not  in  use.  Store  thtfm  so  that  they  do  not  con- 
tact each  other  or  other  tools.  For  long  periods 
of  storage,  coat  taps  and  dies  with  a  rust- 
preventive  compound,  place *  in  individual  or 
standard  threading  set  boxes, and  store  in  a  dry 
place. 

THREAD  CHASERS 

■  '*  * 

Thread  chasers  are  threading  tools  that 
have  several  teeth  and  are  used  to  rethread 
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(chase)  damaged  external  or  internal  threads 
(fig.  1-55).  These  tools  are  available  to  chase 
standard  threads.  The  internal  thread  chaser 
has  its  cutting  teeth  located  on  a  side  face.  The 
external  thread  chaser  has  its  cutting  teeth  on 
the  end  of  the  shaft.  The  handle  end  of  the  tool 
•haft  Upers  to  a  point. 


SCREW  AND  TAP 
EXTRACTORS 

Screw  extractors  are  used  to  remove  broken 
screws  without  damaging  the  surrounding  mate- 
rial or  the  threaded  ho(e.  Tap  extractors  are 
,  used  to  remove  broken  tape. 

Some  screw  extractors  (fig.  1*56 A)  are 
straight,  having  flutes  from  end  to  end.  These 
extractors  are  available  in  sizes  to  remove 
broken  screws  having  1/4  to  1/2  inch  outside 
diameters.  Spiral  tapered  extractors  are  sized 
to  remove  screws  and  bolts  from  3/16  inch  to 
.  2  1/8  inches  outside  diameter. 

rMost  sets  of  extractors  include  twist  drills 
and  a  drill  guide.  Tap  extractors  are  similar 
to  the  screw  extractors  and  art  sized  to  re- 
move tape  ranging  from  3/16  to  2  1/8  inches 
outside  diameter. 

To  remove  a  broken  screw  or  tap  with  a 
spiral  extractor,  first  drill  a  <hole  of  proper 
size  in  the  screw  or  tap.  The  size  hole  re- 
quired for  each  screw  extractor  is  stamped  on 
it.  The  extractor  is  then  inserted  in  the  hole,  * 
and  turned  counterclockwise  to  remove  the  de- 
fective component. 

B  the  tap  has  broken  off  at  the  surface  of  the 
work,  or  slightly  below  the  surface  of  the  work, 
the  straight  tap  extractor  shown  in  figure  1*56 
may  remove  it.  Apply  a  liberal  amount  of  pene- 
trating oi\  to.  the  broken  tap.  Place  the  Up  ex- 
tractor over  the.  broken  tap  and  lower  the  upper 
collar  to  insert  the.  four  sliding  *  prongs  down 
into  the  four  flutes  of  the  tap.  Then  slide  the 
bottom  collar  down  to  the  surface  of  the  work 
so  that  it  will  hold  the  prongs  tightlyagainst  th^ 
body  of  the  Extractor.  Tighten  the  Up  wrench 
on  the  square  shank  of  the  extractor  and  care- 
fully work,  .the  extractor  back  and  "forth  to 
loosen  the  Up.  It  may  be  necessary  to  remove 
the  extractor  and  strike  a  few  sharp  blows  with 
a.  small  hammer  and' pin  puwl*  to  jar  the  Up 
loose.  Then  reinsert  Uk  Up  remover  and 
carefully  try  to  back  ^e  Up  out  of  the  holej 


BROKEN  SLIDING 
/TAP        PRONG  UPPER 
COLLAR 


8.  SPIRAL  SCREW 

4.37:44.191 
Figure  l-56.-Screw  and  Up  extractors. 


PIPE  AND  TUBING  CUTTERS 
AND.  FLARING  TOOLS 

Pipe  cutters  (fig.  1-57)  are  used  to  cut  pipe 
made  of  steel,  brass,  copper,  wrought  iron,  and 
lead.  Tube  cutters  (fig.'  1-57)  are  used  to-cut 
tubing  made  of  iron,  steel,  brass,  copper,  and 
aluminum.  The  essential  difference  between 
pipe  and  tubing  is  that  tubing  has  considerably 
thinner  walla.  Flaring  tools  (fig.  1-58)  are 
used  to  make  single  or  double  flares  in  the  ends 
of  tubing.  , 

Two  sizes  of  hand  pipe  cutters  are  generally 
used°tn  the  Navy.  The  No.  1  pipe'  cutter  has  a 
cutting  capacity  of  1/8  to  2  iAches,and  the  No.2 
pip*  cutter  has  a  cutting  capacity  of  2  to  4 
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Figure  1-57  .-Pipe  and  tubing  cutters. 


inches.  The  pipe  cutter  (fig.  1*57)  hat  a  spe- 
cial alloy- ettfel  cuttlnj  wheel  and  two  pressure 
rollers  which  are  adjusted  and  tightened  by 
turning  the  handle. 

Most  TUBE  COTTERS  closely  resemble  pipe 
cutters,  except  that  they  are  of  lighter  con- 
struction. A  hand  screw  feed  tubing  cutter  of 
1/8-inch  to  1  1/4-inch  capacity  (fig*  1-57)  has 
,  two^  rollers  with  cutouts  located  off  center  so 
that  cracked-flares  nay  be  held  in  them  and  cut 
off  without  waste  of  tubing.  It  also  has  a  re- 
tractable cutter  blade  that  is  adjusted  by  turn- 
ing a  knob.  The  other  tube,  cutter  shown  is  de- 
signed to  cut  tubing  up  to  and  Including  3/4  and 
1  inch  outside  diameter.  Rotation  of  the  tri- 
angular portion  of  the  tube  cutter  within  the 
tubing  will  eliminate  any  burrs. 

FLARING  TOOLS  '(fig.  1-58)  are  used  to 
flare  soft  copper,  brass,  or  aluminum*  The 
single  flaring  tool  consists  of  a  split  die  block 
that  has  holes  for  3/16- ,  1/4- ,  5/16- ,  3/3^, 


7/ 16-, and  1/2-inch  outer  diameter  (cd.) tubing, 
a  clamp  to  lock  the  tube  in  the  die  block,  and  a 
yoke  that  slips  over  the  die  block  and  has  a 
compressor  screw  and  a  cone  that  forms  a  45* 
flare  or  a  bell  shape  on  the  end  of  the  tube.  The 
screw  has  a  T-handle.  A  "double  flaring  tool 
has  the  additional  feature  of  adapters  that  turn 
in  the  edge  of  the  tube  before  a  regular  45* 
double  flare  Is  made.  It  consists  of  a  die  block 
with  holesfor  3/16- ,  1/4- ,  5/ 16-,  3/8-,  and  1/2- 
incE  tubing,  a  yoke  with  a  screw  and  a  Oaring 
cone,  plus  five  adapters  for  different  size  tub- 
ing, all  carried  in  a- metal  case. 

WOODCUTTING  HANDTOOLS 

.  A  man  working  with  wood  uses  a  large  va- 
riety of  handtools.  He  should  be  familiar  with 
these  tools, their  proper  names, the  purpose  for 
which  they  are  used,  and  how  to  keep  them  in 
good  condition. 


ERIC 


•  0 


34 


tOQ2 


Chapter  1-COMMON  HANDTOOLS 


T-HANOU 


WE  BLOCK 


HANDLE 


CONE 


SINfU  FLAKING  TOOL 


^  f  

AOAfTOtS 

OOUILE  FLARING  TOOL 
Figure  l-58.-?laring  tools. 
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Figure  1*59.— Nomenclature  of  a  handsaw. 


;  >•  29.I5A 
Figure  1-60.- "Set"  of  hand  siw  teeth. 


In  this  section  of  the  text,  only  the  basic 
woodcutting  tools  are  covered.  It  includes 
tools  that  any  man  in  the  Navy  may  have  the 
occasion  to  use  during  {lis  career. 

HANDSAWS 

The  most  common  carpenter's  handsaw  con- 
sists of  a  steel  blade  with  a  handle  at  one  end. 


TOP  VIEW  or  CROSSCUT  TEETH 


teeth  or  isp  urn 


TEETH  OF  CROSSCUTS** 

w  k\  ^  A 

29.15(44B) 
Figure  1-61.— Comparing  rip  and 
1  crosscut-saw  teeth. 

The  blade  is  narrower  at  the  end  opposite  the' 
handle.-  This  end  of  the  blade  is  called  the 
"point"  or  'toe/;  The  end  of  the  blade  nearest 
the  handle  is  called  the  "heel"  (fig.  1-59).  One 
edge  of  the  blade  has  teeth,  which  act  as  two 
rows  of  cutters.  When  the  saw  is  used,  these 
teeth  cut  two  parallel  grooves  close  together. 
The  chips  (sawdust)  are  pushed  out  from  be-, 
tween  the  grooves  (kerf)  by  the  beveled  part  of 
the  teeth.  The  teeth  are  bent  alternately  to  one 
side  or  the  other,  to  make  the  Eerf  wider  than 
the  thickness  of  the  blade.  This  bending  is 
called  the  "set"  of  the  teeth  (fig.  1-60).  The 
number  of  teeth  per  inch,  the  size  and  shape  of 
the  teeth,  and  the  amount  of  set  depend  on  the 
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Figure  1*62.— Special  saws. 


.use  to  be  made  of  the  saw  and  the  material  to 
be  cut.  Carpenter's  handsaws  are  described  by 
tiie  number  of  points  per  inch*  By  custom, 
there  is  always  one  more  point  than  there  are 
teeth  per  inch.  A  number  stamped  near  the 
handle  give^the  number  of  points  of  the  saw. 

Cross-cut  and  Rip  Saws 

Woodworking  handsaws  designed  for  general 
cutting  consist  of  RIPSAWS  and  CROSSCUT 
saws*  Ripiaws  are  used  for  cutting  with  the 
grain  and  crosscut  saws  are  for  cutting  across 
'the  grain.  ^ 


The  major  difference  between  a  ripsaw  and 
a  crosscut  saw  i?  the  shape  of  the  teeth.  A 
tooth  with  a  square* faced  chisel-type  cutting^ 
edge,  like  the  ripsaw  tooth  shown  in  figure  1-61, 
does  a  good  Job  of  .cutting  with  the  grain  (called 
ripping),  but  a  poor  Job  of  cutting  across  the 
grain  (called  crosscutting).  A  tooth  with  a 
beveled,  knifetype  cutting  edge,  like  the  cross- 
cut saw  tooth,  shown  in  the  same  figure,  does  a 
good  job  of  cutting  across  the  grain,  but  a  poor 
job  of  cutting  with  the  grain. 


Special  Purpose  Saws 


.The  more  common  types  of  saws  used  for 
special  purposes  are  shown  in  figure  1-62.  The 
BACKSAW  is  a  crosscut  saw  designed  for  saw- 
ing a  perfectly  straight  line  across  the  face  of  a 
piece  of  stock.  A  heavy  steel  backing  along  the 
top  of  the  blade  keeps  the  Wade  perfectly 
straight* 

The  DOVETAIL  saw  is  a  special  type  of 
hacksaw  with  a  thin,  narrow  blade  and  a  chisel- 
type  handle. 

The  COMPASS  saw  is  a  long,  narrow,  taper- 
ing ripsaw  designed  for  cutting  out  circular  or 
other  nonrectangular  sections  from  within  the 
margins  of  a  board  or  panel.  A  hole  is  bored 
near  the  cutting  line  to  start  the  saw.  A  KEY- 
HOLE saw  is  simply  a  finer,  narrower  compass 
saw.  i 

The  COPING  saw  is  used  to  cut  along  curved 
lines  as  shown  in  figure  1-62. 

Saw  Precautions 

A  saw  that  is  not  being  used  should  be  hung 
up  or  stowed  in  a  toolbox.  A  toolbox  designed 
for  holding  saws  has  notches  that  hold  them  on 
edge,  teeth  up.  Stowing  saws  loose  in  a  toolbox 
may  allow  the  saw  teeth  to  become  dulled  or  -; 
-  Sent  by  contacting  other  tools.  Some  right  and 
wrong  methods  of  using  and  caring  for  a  saw 
are  shown  in  figure  1-63.  Be  sure  to  read  the 
captions  for  each  section  of  the  illustration. 

Before  using  a  saw,  be  sure  there  are  no 
nails  or  other  edge-destroying  objects  in  the 
line  of  the  cut.  When  sawing  out  a  strip  of 
waste,  do  not  break  out  the  strip  by  twisting  the 
saw  blade.  This  dulls  the  saw  and  may  spring 
or  break  the  blade. 

Be  sure  that  the  saw  will  go  through  the  full  / 
stroke  without  striking  the  floor  or  some  other/ 
object.  If  the  work  cannot  be  raised  high  enough 
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^WHEN  WORK  IS  COMPLETE,  HANG  UP  THE  SAW, 


'  00  NOT  PILE  TOOLS  ON  TOP  OF  THE  BENCH  SO  AS  TO 
DISTORT  BLADE 

)  LOOK  CAREFULLY  OVER  REPAIR  OR  ALTERATION  WORK 
SEE- THAT  ALL  NAILS  ARE  REMOVED  TO  AVOIO* 
CUTTING  INTO  METAL 


STRIPS  OF  WASTE  SHOULO  NOT  BE  TWISTED  OFF  WITH 

0 BLADE.  BUT  BROKEN  OFF  WITH  HAND  OR  MALLET. 
SUPPORTING  TH£  WASTE  SIOE  OF  WORK  WILL  PRE- 
VENT  SPLITTING  OFF. 

:  ®  RAISE  THE  WORK  TO  A  HEIGHT  SUFFICIENT  TO  KEEP 
THE  BLAOE  FROM  STRIKING  THE  FLOOR.  IF  THE 
WORK  CANNOT  BE  RAISED,  LIMIT  THE  STROKE. 


Figure  1-63.— Care  of  handsaws. 
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to  obtain  full  clearance  for  the  saw,  you  must 
carefully  limit  the  length  of  each  stroke.  5 

Usrtng  A  Hand  Saw 

To  saw  across  the  grain  of  the  stock,  use  the 
crosscut  saw,  and  to  saw  with  the  grain,  use  a 
ripsaw.  Study  the  teeth  in  both  kinds  of  saws  so 
you  can  readily  identify  the  saw  .that  you  need. 

Place  the  board  on  a  saw  horse  (fig.  1-64), 
or  some  other  suitable  object.  Hold^the  saw  in 
the  right  hand  and  extend  the  first  finger  along 
the  handle  as  shown  in  the  figure.  Grasp  the 
board  as  shown  and  take  a  position  so  that  an 


imaginary  line  passing  lengthwise  of  the  right 
forearm  will  be  at  an  angle  of  approximately  45 
degrees  with  the  face  of  the  board..  Be  sure  the 
side  of  the  saw  is  plumb  or  at  right  angles  with 
the  face  of  the  board.  Place  the  heel  of  the  saw 
on  the  mark.  Keep  the  saw  inline  with  the  fore- 
arm and  pull  it  toward  you  to  start  the  cut. 

To  begin  with,  take  short,  light  strokes, 
gradually  increasing  the  strokes  to  the  full 
length  of  the  saw.  Do  not  force  or  jerk  the  saw. 
Such  procedure  will  only  make  sawing  more 
difficult.  The  arm  that  does  the  sawing  should 
swing  clear  of  your  body  so  that  .the  handle  of 
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Figure  1-64.— Proper  position 
for  sawing  a  board  to  size. 


44.102 
Figure  1-65.— Using 
a  wedge  in  a  saw 
kerf  to  prevent 
;»>/.  binding.  ^   

the  saw  operates  at  your  side  rather  than  in 
front  of  you. 

Use  one  hand  to.  operate  the  saw.  You  may 
be  tempted  to  use  both  hands  at  times,  but  if 
your  saw  is  sharp,  one  hand  will  serve  you  bet- 
ter. The  weight  of  the  saw  te  sufficient  to  make 
it  cut.  Should  the  saw  stick  or  6hid,  it  may  Le 
because  the  saw  is  dull  and  is*  poorly  "set." 
The  wood, may  have  too  much  moisture  in  it,  or 
you  may  have  forced  the  saw  and  thus  have 
caused  it  to  leave  the  straight  line. 
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Figure  1-66.— Parts  of  a  bench  plane. 
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Figure  1-67.— Plane  iron  and  plane  iron  cap. 


Keep  your  eye  on  the  line  rather  than  on  the 
saw -while  sawing.  Watching  the  line  enables 
vou  to  see  instantly  any  tendency  to  leave  the 
line.  A  slight  twist  of  the  handle,  and  taking 
short  strokes  while  sawing,  *ill  bring  the  saw 
back.  Blow  away  the  sawdust  frequently  so  you 
can  see  the  layout  line. 

Final  strokes  of  the  cut  should  be  taken 
slowly.  Hold  the  waste  piece  in  your  other  hand 
so  the  .stock  will  not  split  when  taking  the  last 
stroke/       \  \ 

Short  boards  may  be  placed  on  one  sawhorse 
when  sawing.  Place  long  boards  on  two  saw- 
horses;  but  do  not  saw  so  your  weight  falls  be- 
tween them  or  your  saw  will  bind.  Place  long 
boards  so  that  your  weight  is  directly  on  on? 
end  of  the  bdard*  over  one  sawhorse  while  the 
other  end  of  the  board  rests  on  the  other  saw- 
horse.  1 

Short  pieces  of  stock  are  more  .easily  cut 
when  they  are  held  in  a  vise.  When  ripping 
short  stock  it  is  Important  that  you  keep  the 
saw  from  sticking,  so  it*  may  be  necessary  to 
take  a  squatting  position.  The 'saw  can  then  take 
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Figure  l-68.-Manipulation  of  the  adjust- 
ing nut  moves  the  plane  iron  up  or 
down. 


B 
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Figure  l-69,.-Effect  of  manipulation  of  the 
lateral  adjustment  lever. 


upward  direction  and  thus  work  easily.  When 
ripping  long  boards  it  will  probably  be  neces- 
sary to  use  a  wedge  in  the  saw  kerf  to  prevent 
binding (fig.  1-65).  . 

PLANES 

The  plane  is  the  most  extensively  used  of  the 
Jiand  shaving  tools.  Most  of  the  lumber  handled 
by  anyone  working  With  wood  is  dressed  on  all 
four  tides,  but  when  performing  Jobs  such  as 
fitting  doors  and  sash,  and  interior  trim  work, 
planes  must  be  used. 

Bench  and  blockplanes  are  designed  for  gen- 
eral airface  smbothing  and  squaring.  Other 
planes  are  designed  for  special  types  of  surface 
work.  c 

The  principU  parts  of  a  bench  plane  and  the 
manner  in  which  they  are  assembled,  are  shown 
in  figure  1-66.  The  part  at  the  rear  thai  you 
grasp  to  push  the  plane  ahead  is  called  the 
handle;  the  part  at  the  front  that  you  grasp  to 
guide  the  plane  along  its  course  is  called  the 


SMOOTH -OR 
BLOCK  „ 
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Figure  1-70  .-Types  of  bench  planes  and 
block  plane. 


knob.  T£e  main  body  of  the  plane,  consisting  of 
the  bottom,  the  sides,  and  the  sloping  part  which 
carries  the  plane  iron,  is  called  the  frame.  The 
bottom  of  the  frame  is  called  the  sole,  and  the 
opening  in  the  sole,  through  which  the  blade 
emerges,  is  called  the  mouth.  The  front  end  of 
the  sole  is  called  the  toe;  the  rear  end,  the  heel: 
A  plane  iron  cap,  which  is  screwed  to  the 
upper  face  of  the  plane  iron,  deflects  the  shav- 
ing upward  through  the  mouth,  as  indicated  in 
figure  1-67C,  and  thus  prevents  the  mouth  from 
becoming  choked  with  jammed  shavings.  The 
edge  of  the  cap  should' fit  the  back  of  the  iron 
as  shown  in  figure  1-67A,  not  as  shown  in 
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figure  1-67B.  The  lower  end  of  the  plane  iron 
cap  should  be  set  back  1/32  in.  from  the  edge 
of  the  plane  top,  as  shown  in  figure  1-67A.  The 
iron  In  a  bench  plane  goes  In  bevel-down.  , 
*  The  edge  of  the  plane  iron  is  brought  into 
correct  cutting  position  by  the  manipulation  of 
first  the  ADJUSTING  NUT  and  next  the  LAT- 
ERAL ADJUSTMENT  LEVER,  as  shown  in  fig- 
ures 1-68  and  1-69.  The  adjusting  nut  moves 
the  edge  of  the  iron  up  or  down;  the  lateral  ad- 
justment lever  cants  it  to  the  right  or  left.  To 
adjust  the  plane  you  hold  it  upside-down,  sight 
along  the  sole  from  the  toe,  and  work  the  ad- 
justing nut;  until  the  edge  of  the  blade  appears. 
Then  work  the  lateral  adjustment  lever  until  the 
edge  of  the  blade  is  in  perfect  alinement  with 
the  sole,  as  shown  in  figures  1-68B  and  1-69B. 
Then  use  the  adjusting  nut  to  give  the  blade  the 
amount  of  protrusion  you  want.  This  amount 
will  depend,  of  course,  upon  the  depth  of  the  cut 
you  intend  to  make.  ■  • 

There  are  three  types  of  bench  planes  (fig. 
1-70):  the  SMOOTH  plane,  the  JACK  plane,  and 
the  JOINDER  plane  (sometimes  called  the  FORE 
plane  or  &e  GAGE  plane).  All  are  used  pri- 
marily for  shaving  and  smoothing  with  the 
grain;  the  chief  difference  is  the  length  of  the 
sole.  The  sole  of  the  smooth  plane  is  about  9 
in.  long,  the  sole  of  the  jack  plane  about  14  in. 
long,  and  the  sole  of  the  jointer  plane  from  20 
to  24  in.  long. 

The  longer  the  sole  of  the  plane  is,  the  more 
uniformly  flat  and  true  the  planed  surface  will 
be.  Consequently, which  bench  plane  you  should 
use  depends  upon  the  requirements  with  regard 
to  surface  trueness.  The  smooth  plane  is,  in 
general,  smoother  only;  it  will  plane  a  smooth,*, 
but  not  an  especially  true  surface  in  a  short 
time.  It  is  also  used  for  cross-grain  smoothing 
and  squaring  of  end- stock.  - 

The  jack  plane  is  the  general  "jack-of-all- 
work"  of  the  bench  plane  group.  It  can  take  a 
deeper  cut  and  plane  a  truer  surface  than  the 
smooth  plane.  The  jointer  plane  is  used  when 
the  planed  surface  must  meet  the  highest  re- 
quirements with  regard  to  trueness. 
.  ,  A  BLOCK  PLANE  and  the  names  of  its  parts 
are  shown  in  figure  1-71.  Note  that  .the  plane 
iron  In  a  block  plane  does  not  have  a  plane  iron 
cap,  and  also  that,  unlike  the  iron  in  a  bench 
plane,  the  iron  in  a  block  plane  goes  in  bevel-up. 

The  block  plane,  which  is  usually  held  at  an 
angle  to  the  work,  is  used  chiefly  for  cross* 
grain  squaring  of  end-stock.!  tt  is  also  useful, 
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Figure  1-71.— Block  plane  nomenclature. 

however,  for  smoothing  all  plane  surfaces  on 
very  small  work.  * 


BORING,  TOOLS 
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When  working  with  wood,  you  will  frequently 
be  required  to  bore  holes.  It  is  important, 
therefore,  that  you  know  the  proper  procedures 
and  tools  used  for  this  Job.  Auger  bits  and  a 
variety  of  braces  and  drills  are  used  exten- 
sively for  boring  purposes. 

Auger  Bits 

Bits  are  used  for  boring  holes  for  screws, 
dowels,  and  hardware,  as  an  aid  in  mortising 
(cutting  a  cavity  in  wood  for  joining  members) 
and  in  shaping  curves  and  for  many  other  pur- 
poses. Like  saws  and  planes,  bits  vary  in  shape 
and  structure  with  the  type  of  job  to  be  done. 
Some  of  the  most  common  bits  are  described  in 
this  section. 

AUGER  bits  are  screw-shaped  tools  consist- 
ing of  si*  parts:  the  cutter,  screw,  spur,  twist, 
shank,  and  tang  (fig.  1-72).  The  twist  ends 
with  two  sharp  points  called  the  spurs,  which 
score  the  circle,  and  two  cutting  edges  which 
cut  shavings  within  the  scored  circle?  The 
screw  centers  the  bit  and  draws  it  into  the 
wood.  The  threads  of  the  screw  are  made  in 
three  different,  pitches:  steep,  medium,  and 
fine.  The  steep  pitch  makes  for  quick  boring 
and  thifck  chips,  and  the  fine  or  slight  pitch 
makes  for  slow  boring  and  fine  chips.  For  end- 
wood  boring,  a  steep-  or  medium-pitch  screw 
bit  should  be  used  because  end  wood  is^likely  to 
be  forced  in  between  the  fine  screw  threads, 
and  that  will  prevent  the  screw  from  taking 
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4     Figure  l-72.-Nomenclature  of  an  auger  bit. 


SOUAKE 


CHUCK 


tfttAL  HAND  DM1 


4.33:44.20(44B) 
Figure  l-75.-Brace  and  drills. 
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Figure  l-73.-Size  mark- 
ings on  auger  bits. 
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Figure  1-74.- Expansive  bit. 


hold.  The  twist  carries  the  cuttings  away  from 
the  cutters  and  deposits  them  in  a  mound 
around  the  hole. 

The  sizes  of  auger  bits  are  indicated  in  six- 
teenths of  an  inch  and  are  stamped  on  the  tang  t 
(fig/1-73).  A  number  10  stamped  on  the  tang* 
means  10/16  or  5/8  in.;  number  5  means  5/16 
in.  and  so  pn.  The  most  common  woodworkers 
auger  bit  set  ranges  in  size  from  1/4  (to  A  in. 

Ordinary  auger  bits  up  to  1  in.  in  diameter 
-  are  from  7  to  9  inches  long.  Short  auger  bits 
that  are  about  3  1/2  inches  long  are  called 
DOWEL  bits. 

EXPANSIVE  auger  bits  have  adjustable  cut- 
ters! for  boring  holes  of  different  diameters 
(fig.  1-74).  Expansive  bits  are  generally  made 
in  two  different  sizes.  The  largest  size  has 
three  cutters  and  bores  holes  up  to  4  inches  in 
diameter.  A  scale  on  the  cutter  blade  indicates 
the  diameter  of  the  hole  to  be  tared.  * 

Braces  and  Drills 

The  auger  bit  is  the  tool  that  actually  does* 
the  cutting  in  the  wood;  however,  it  is  neces-, 
sary  that  another  tool  be  used!  to  hold  the  auger 1 
bit  and  give  you  enough  leverage  to  turn  the  bit. 
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figure  1-76.— Placing  an  auger  bit 

,  in  a  chuck." 
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Figure  1-77  .-Using  scrap  lumber  to  pre- 
vent splintering  when  boring. 

The  tools  most  often  used  for  holding  the  bit  are 
the  carpenter's  brace,  breast  drill,  and  push 
drilMflg.  1-75). 

BORING  THROUGH  HOLES  IN  WOOD.-To 
bore  a  hole  in  wood  with  an  auger  bit,  first 
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Figure  l-78.-Metfeod  of  sighting  In  for 
perpendicular  hole. 
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Figure  1-79  .-Boring  a  through* 
hole  by  reversing  direction.  >  '■ 

select  the  proper  fit  Indicated  on  or  near  the 
square  tang.  Then  you  Insert  the  auger  bit  Into 
the  chuck  (fig.  1-76).  \ 

To  chuck  the  bit,  hold  thfe  shell  of  the  chuck 
(fig.  1-76A),  as  'you  turn  the  handle  b  open  the 
jaws.  When  the  jaws  are  apart  far  enough  to 
take  the  square  tang  of  thelblt,  Insert  It  (fig. 
1-76B),  until  the  end  seats  In  the.  square  driving 
socket  at  the  bottom  of  the  chuck.  Then  tighten 
the  chuck  by  turning  the  handle  to  close  the  jaws 
and  hold  the  bit  In  place-  \ 

With  a  chuck  haying  no  driving  socket  (a 
square  hole  which  Is^vlslble  If  you  look  directly 
Into  the  chuck),  additional' car^  must  be  taken 
to  seat  and  center  the  corners  of  the  tapered 
shank  in  the  V  grooves  »of  the  chuck  jaws. 
(See  figure  1-76C.)  In  this  type  of  chuck  the 
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Figure  l-80.-Twist  drills  (Sizes 
No.  1  to  No.  60). 


jaws  serve  to  hold  the  bit  in  the  center  and  to 
prevent  it  from  coming  out  of-the  chuck. 
*  After  placing  the  point  of  the  feed  screw  at 
the  location  of  the  center  of  the  hole  you  will 
.bore,  steady  the  brace  against  your  body,  if 
possible,  with  the  auger  bit  square  with  the 
surface  of  the  work. 

To  bore  a  horizontal  hole  in  the  stock  held  in 
the  bench  vise,  hold  the  head  of  the  brace  with 
one  hand,  steadying  it  against  your  body,  while 
turning  the  handle  with  the  other  hand.*  Scrap 
stock  behind  the  job  will  prevent  ..splintering 
(fig.  1-77). 

When  it  is  not  possible  to  nuke  a  full  turn 
with  the  handle  of  the  bit  brace,  turn  the  cam 
ring,  shown  in  figure  1-75,  clockwise  until  it 
stops.  Tfiis  will  raise  one  of  the  two  ratchet 
pawls  affording  clockwise  ratchet  action  for 
rotating  the  bit.  For  counterclockwise  ratchet 
action,  turn  the  cam  Xing  counterclockwise  as 
far  as  it  will  go. 

To  bore  a  vertical  hole  in  stock  held  in  a 
bench  vise, hold  the  brace  and  bit  perpendicular 
to  the  surface  of  the  work.  Placing  a  trysquare 
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Figure  1-81.— Drilling  a  hole  in  wood 

with  a  twist  drill.  / 


near  the  bit,  alternately  in  the  two  positions 
shown  in  figure  1-78,  will  help  you  sight  it  in. 

Another  way  to  bore  a  through  hole  without 
splitting  out  on  the  opposite  face  is  to  reverse 
the  bit  one  or  two  turns  when  the  feed  screw 
just  becomes  visible  through  this  opposite  face 
(fig.  1-79A).  This  will  release  the  bit.  Remove 
the  bit  while  pulling  it  up  and  turning  it  clock- 
wise. This  will  remove  the  loose  chips  from 
'  the  hole.  Finish  the  hole  by  boring  from  the" 
opposite  face.  This  will  remove  the  remaining 
jtnaterial  which  is  usually  in  the  form  of  a 
wooden  disk  held  fast  to  the  feed  screw  (fig. 
1-79B). 

DRILLING  HOLES  WITH  A  TWIST  DRILL.— 
An  ordinary  twist  drill  may  be  used  to  drill 
holes  In  wood.  Select  a  twist  drill  of  the  size 
required  (fig.  1-80)  and  secure  it  in  the  chuck 
of  a  drill. 

In  figure  1-81,  the  twist,  drill  has  been 
chucked.  Notice  that  the  job  is  secured  to  the 
table  with  a  pair  of  C-clamps.  Beneath  the  job 
*  is  a  block  of  wood.  °In  drilling  through  wood,  a 
backup  block  is  used  to  ensure  a  clean  hole  at 
the  bottom  of  the  job. 

Figure  1-82  shows  a  hole  being  drilled  with 
a  breast  drill.  Turn  the  crank  handle  with  one 
hand  as  you  hold  the  side  handle  with  the  other 
hand.-  This  will  steady  the  .breast  d^ill  while 
feed  pressure  is  applied  by  resting  your  chest 
on  the  breastplate  shown  in  figure  1-82.  Notice, 
too,  that  the  breast  drill  has  a  high  or  a  low 
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Figure  l-83.-Drilling  a  hole  with 
a  hand  drill. 
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Figure  l-84.-Push  drill  and  drill  point. 
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Figure  1-82.— Drilling  a  hole  with 
a  breast  drill. 

speed  available,  according  to  the  setting  of  the, 
speed  selector  nut.  When  drilling  a  horizontal 
hole,  apply  feed  pressure  by  resting  your  body 
against  the  breast  plate. 
.  in  drilling  a  horizontal  hole  with  the  hand 
drill  shown  in  figure  1-83,  operate  the  crank 
with  the  right  hand  and  with  the  left  hand  guide 
the  drill  by  holding  the  handle  which  is  opposite 
the  chuck  end  of  the  drill. 

DRILLING  HOLES^WTTH  A  "PUSH"  DRILL.- 
Figure  1-84A  shows  the  Stanley  'Yankee"  auto- 
matic drill  which  is  often  called  a  "push"  drill. 


44.117 


Figure  1-85.— Selecting  a  drill  for 
use  in  a  push  drill. 


This  drill  can  be  used  to  drill  either  horizontal 
or  vertical  holes  when  the  accuracy  of  the  right 
angle  with  the  work  is  not  critical.  » 

The  drill  point  used  in  push  drills  (fig. 
1-84B)  is  a  straight  flute  drill.  Sharpen  its 
point  on  the  grinder  and  provide  only  slight 
clearance  behind  the  cutting  <edge.  It  will  drill/ 
holes  in  wood  and  other  soft  materials. 
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Figurp  l-86.-Drilling  horizontal  and 
vertical- holes  with  a  push  drill. 
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Figurft  l-87.-Tang  and  socket 
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To  select  a  drill  for  use  in  a  push  drill,  hold 
the  handle  of  the  drill  in  one  hand  and  release 
the  magazine^ by  turning  the  knurled  screw  as 
shown  in  figure  1-85A.  This  will  permit  you  to 
drop  the  magazine.  Figure  1-85B,  shows  the 
drill  magazine  lowered  to  expose  the  drills 
from  which  the  proper  size  can  be  selected. 

To.  chuck  the  drill,  loosen  the  chuck  several 
turns  and  insert  the  drill  as  far  as  it  will  go. 
Turn  the  drill  until  it  seats  in  the  driving  socket 
in  the  bottom  of  the  chuck.  Then  tighten  the 
chuck  to  hold  the  drill  in  place.  '* (fig.  1-85C). 

To  drill  a  vertical  hole  with  this  drill  (fig. 
1-86A),  place  the,. job  op  a  flat  surface  and  op- 
erate the  push  drill  with  alternate  strokes  up 


fc  •  BUTT  CHISEL 

*  ,  29.9C 

* Figure  1-88 .—Shapes  of  common  types 
\  of  wood  chisels. 

and  down.  If  it  is  necessary  to  hold  the  work  in 
place  while  it  is  being  drilled,  use  some  me- 
chanical means  if  you  can.  If  you  must  hold  the 
job  with  your  hand,  grasp  the  material  as  far  as 
possible  from  where  the  drill  is  drilling.  ' 

In  drilling  horizontal  holes  with  the  push 
drill,  as  in  figure^  1-86B,  secure  the  job  in  a 
vise.  The  back-and-forth»  strokes  rotate  the 
drill,  advancing  it  into  the  work  on  the  forward 
stroke  a4  the^  drilling  proceeds.  The  index 
finger,  extended  along  the  body  of  the  tool,  will 
help  guide  the  drilling  at  right  angles  to  the 
work. 

WOOD  CHISELS  •  . 

A  wood  chisel  is  a  steel  tool  fitted  with  a 
wooden  or  plastic  handle.  It  has  a  single'bev- 
eled  cutting  edge  on  the  end  of  the  steel  part,  or 
blade.  According  to  their  construction,  chisels 
may  be  divided  into  tWo  general  classes:  TANG 
chisels,  in  which  part  of  the  chisel  enters  the 
handle,  and  SOCKET  chisels,  in  which  the  handle 
enters  into  a  part  of  the  chisel  (fig.  1-87). 
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A  socket  chisel  is  designed  for  striking  with 
a  wooden  majlet  (never  a  steel  hammer),  while 
a  tang  chisel  is  desigijedior.hand  manipulation  { 
only.     ■  .  / 

Wood  chisels  are  also  divided  into  types,  de- 
pending upon  their  weights  and  thicknesses,  the 
shape  or  design  of  the  blade,  and  the  work  they 
are  intended  to  do* 

The  shapes  of  the  more  common  types  of 
wood  chisels  are  shown  in  figure  1-88.  The 
FIRMER  chisel  has  a  strong,  rectangular- 
cross-section  blade,  designed  for  both  heavy 
and  light  work*  The  blade  of  the  PARING  chisel 
is  relatively  thin,ancTls  beveled  along  the  sides 
for  the  fine  paring  work*  The  BUTT  chisel  has 
a  short  blade,  designed  for  work  in  hard-to-get- 
at  places* 

'  The  butt  chisel  i»  commonly  used  for  chisel- 
ing the  GAINS  (rectangular  depressions)  for  the 
BUTT  hinges  ondoors;  hence  the  name.  The 
MORTISING  chisel  is  similar  to  a  socket  firmer 
but  has  a  narrow  blade,  designed  for  chiseling 
out  .the  deep,  narrow  MORTISES  for  morjtise- 
and- tenon  joints.  ,Thir  work  requires  a  good 
'deal  of  levering  out  of  chips;  consequently,  the 
mortising  chisel  is  made  extra  thick  in  the 
shaft  to  prevent  breaking.' 

A  FRAMING  chisel  is  shaped  like  a  firmer- 
chisel,  but  has  a  very  heavy,  strong  blade  de- 
signed for  work  in  rough  carpentry. 

A  wood  chisel  should  always  be  held  with  the 
flat:  side  or  back  of  the  chisel  against  the  work" 
for  smoothing  and  finishing  cuts.  Whenever 
possible,  it  should  not  be  pushed  straight 
through  an  opening,  but  should  be  moved  lat- 
erally at  the  same  time  that  it  is  pushed  for- 
ward. This  method  ensures  a  shearing  cut, 
which  with  care,  will  produce  a  smooth  and  even 
surface  even  when  the  v^ork  is  cross-grained. 
On  rough  work.ure  a  hammer  or  mallet  to  drive 
the  socket-type  chis^p  , 

On  ftne  work,  us*  ybur  hahd  as  the  driving 
power  on  tang-type  chisels.  For  rough  cuts, 
•  the  bevel  edge  of  the  chisel  is  held  against  the 
work.  Whenever  possible,  other  tools  such  as 
saws  and  planes  should'  be  used  to  remove  as 
much  of  the  .waste  as  possible,  and  the  chisel 
used  for  finishing  purposes  only. 

These  area  few  basic  precautions  that  you 
should  observe  at  all  times  when  using  a  chisel. 

a.  Secure  work  so  that  it  cannot  move. 

b.  .  Keep  both  hands  back  of  the  cutting 
edge  at  all  times. 


c.  Do  not  start  a  cut  on  a  guideline.  Start 
slightly  away  from  it,  so  that  there  is  a  small 
amount  of  material  to  be  removed  by  the  finish- 
ing cuts.  * 

d.  When  starting  a  cut,  always  chisel 
away  from  the  guideline  toward  the  waste  wood, 
so  that  no  splitting  will  occur  at  the  edge. 

e.  Never  cut  towards  yourself  with  a 
chisel. 

f.  Make  the  shavings  thin,  especially 
when  finishing. 

g.  Examine  the  grain  of  the,  wood  to  see 
which  way  it  runs.  Cut  with  the  grain.  This 
severs  the  fibers  and  leaves  the  wood  smooth. 
Cutting  against  the  grain  splits  the  wood  and 
leaves  it  rough.  .This  type  of  cut  cannot  be 
controlled.  •  * 
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Figure  l-89.-Screwdrivers. 
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SCREWDRIVERS 

A  scrtwdriver  is  one  of  the  most  basic  of 
basic  handtools.  ft  is  also  the  most  frequently 
abused  of  all  handtools.  ft  is  designed  for  one 
function  only-to  drive  and  remove  screws.  •  A 
screwdriver  should  not  be  used  as  a  pry  bar,  a 
scraper,  a  chisel,  or  a  punch. 


STANDARD 

There  are'  three  main  'parts,,  to  a  standard 
screwdriver.  The  portion  you  grip  is  called  the 
handle,  the  steel  portion,  extending  from  the 
handle  i*  the  shank,  and  the  end  which  fits  into 
the  screw  is  called  the  blade  (fig.  l-*9). 

The  steel  shank  is 'designed  to  withstand 
considerable  twisting  force  in  proportion  to  its 
size,and  tht  tip  of  the  blade  if  hardened  to  keep 
it  from  bearing. 

Standard  screwdrivers  are  classified  by 
size,  according  to  the  combined  length  of  the 
shank  and  blade.  The  most  common  sizes  range 
in  length  from  2  1/2  in.  to  12  in.  There  are 
many  screwdrivers  smaller  and  some  larger 
tor  special  purposes.  The  diameter  of  the 
shank,  irid  the  width' and  thickness  of  the  blade 
are  generally  proportionate  to  the  length,  but 
again  there  are  special  screwdrivers  with  long 
thin  shanks,  short  thick  shanks,  and  extra  wide 
or  extra  narrow  blades. 

Screwdriver  handles  may  be  wood,  plastic, 
or  metal.  Whftn  metal  handles  are  used,  the*e 
is  usually  a  wooden  hand  grip  placed  on' each 
side  of  the  handle.  In  some  types  of  wood-  or 
plastic-handled  screwdrivers  the  shank  extends 
through  the  handle,  whUe  in  others  the  shank 
enters  the  handle  only  a  short  way  and  is  pinned 
to  the  handle.  For  heavy  work,  special  types  of 
screwdrivers  are  made  with  a  square  shank. 
They  are  designed, this  way  so  that  they  may  be 
gripped  with  a  wrench,  but  this  is  the  only  kind 
on  which  a  wrench  should  be  used. 

When  using  a  screwdriver  it  is  important  to 
select  the  proper  size  so  that  the  blade  fits  the 
screw  slot  properly.  This  prevents  burring  the  *> 
slot  and  reduces  the  force  required  to  hold  the 
driver  in  the  slot.  Keep  the  shank  perpendicu- 
lar to  the  screw  head  (fig.  1-90).' 

RECESSED 

Recessed  screws  are  now  available  in  vari- 
ous shapes 


They  have  a  cavity  formed  in  the 


SlOES  OF  TIP 
ARE  PARALLEL 
TOOL  WILL  NOT 
LtFT  WHEN  TWIST 
IS  APPLIED 


1.14(44B)B 
Figure  1-90.-Positioning*  screwdrivers. , 
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*  29.123(44B) 
Figure  1-91.-Comparison  of  Phillips,  Reed, 
-  and  Prince  and  Torq-Set  screwheads. 


(A)  PHILLIPS 


A. 
3^ 


(B)  REED  AND  PRINCE 

1.14(44B)C 

Figure#l-92.-Matching  6ross-slot  screws 
and  drivers. 


head  and  require  a  specially  shaped ,  screw- 
driver. The  clutch  tip  (fig.  1-89)  is  one  shape, 
but  the  more  common  include  the  Phillips,  Reed 
and  Prince,  and  newer  Torq-Set  types  (fig* 
1-91).  The  most  common^type  folinfi  is  the 
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Phillips  head  screw.  This  requires  a  Phillips- 
type  screwdriver  (fig.  1-89). 

Phillips  Screwdriver 

The  head  of  a  Phillips-type  screw  has  a 
four-way  slot  into  which  the  screwdriver  fits. 
Thie  prevents  the  screwdriver  from  slipping. 
Three  standard  sized  Phillips  screwdrivers' 
handle  a  wid?  range  of  screw  sizes.  Their  abll-  , 
ity  to  hold  helps  to  prevent  damaging  the  slots 
or  the  work  surrounding  the  screw.. &  is  a  poor 
practice  to  try  to  use  a  standard  screwdriver  on' 
a  Phillips  screw  because  both  the  tool  and 
screw  slot  will  be  damaged. 

Reed  and  Prince  Screwdriver 

Reed  and  Prince  screwdrivers  are  not  inter- 
changeable with  Phillips  screwdrivers.  There- 
fore, always  use  a  Reed  and  Prince  screwdriver 
with  Reed  and  Prince '  screws  and  a  Phillips 
screwdriver  with  Phillips  screws,  or  a  ruined 
tool  or  ruined  screwhead  will  result. 

How  do  you  distinguish  between  these  similar 
screwdrivers?  Refer  to  figure  1*92. 

The  Phillips  screwdriver  has  about  SO-degree , 
flukes  and  a  blunt  end,  while  the  Reed  and 
Prince  has  45-degree  flukes  and  a  sharper, 
pointed  end.  The  Phillips  screw  has  beveled 
walls  between  the  slots;  the  Reed  and  Prince, 
.straight,  pointed  walls.  In  addition,  the  Phillips 
screw  slot  is  not  as  deep  as  the  Reed  and 

•  Prince  slot. 

Additional  ways  to  identify  the  right  screw- 
driver are  as  follows: 

U  If  it  tends  to  stand  up  unassisted  when 

*  the  point  is  put  in  the  head  of  a  vertical  screw, 
it  fs  probably  the  proper  one. 

2.  The  outline  of  the  "end  of  a  Reed  and 
Prince  screwdriver  is  approximately  a  right 
angle,  as  seen  in  the  illustration. 
•  3.  In  general,  Reed  and  Prince  screws  are 
used  for  airframe  structural  applications, while  < 
Phillips  screws  are  found  most  often  in  com- 
.  ponent  assemblies.' 


•Tor^-Set"  Screws 


v 


"Torq-Set"  machine  screws  (offset  cross- 
slot  drive)  have  recently  begun  to  appear  in 
new  equipment.  The  main  advantage  of  the 
newer  type  is  that  more  torque  can  be  applied 
to  its  head  while  tightening  or  loosening  than 


any  other  screw  of  comparable  size  and  mate- 
rial without  damaging  the  head  of  the  screw. 

Torq-Set  machine  screws  are  similar  in 
appearance  to  the  more  familiar  Phillips  ma- 
chine screws.  1 

Since  a*  Phillips  driver  could  easily  damage 
a  Torq-Set  screwhead,  making  it  difficult  if  not 
impossible  to  remove  the'  screw  even .  If  the 
proper  tool  Is  later  used,  maintenance  person- 
nel should  be  alert  to  the  differences  (fig.  1-91) 
and  ensure  that  the  proper  tool  is  used. 

.  ^OFFSET  SCREWDRIVERS.— An  offset  screw- 
driver (fig.  1-89)  may  be  used  where  there  Is 
not  sufficient  vertical  space  for' a  standard  or 
recessed  screwdriver.  .Offset  screwdrivers 
are  constructed  with  one  blade  forged  in  line 
and  another  blade  forged  at  rigfrt  angles  to  the 
shank  handle.  Both  blades  are  bent  90  degrees 
to'the  shank  handle.  By  alternating  ends,  most 
screws  can  be  seated  or  loosened  even  when 
the  swinging  space  is  very  restricted.  Offset 
screwdrivers  are  made  for  both  standard  and 
recessed  head  screws* 

RATCHET  SCREWDRIVER  , 

*  For  fast  easy  w6rk  the  ratchet  screwdriver 
(fig.  1*89),  is.  extremely  convenient,  as  it  can 
be  used  one-handed  and  does  not  require  the 
bit  to  be  lifted  out  of  the  slot  after  each  turn;  n 
may  be  fitted  with  either  a  stjmdard  type  bit  or 
a  special  bit  for  recessed  heads.  The  ratchet 
screwdriver  is  most  commonly  used  by  th? 
woodworker  for  driving  screws  In  soti  wood. 

SAFETY 

•  Never  use  a  screwdriver  to  check  an 
electrical  circuit. 

•  Never  try  to  turn  a  screwdriver  with  a 
pair  of  pliers. 

'  e  Do  not.  hpld  work  In  your  hand  while  using 
a  screwdriyer^if  ,tbe  point  slips  it  can  cause  a 
bad  cut.  Hold  the  Work  in  a  vise,  with  a*  clamp, 
or  on  a  solid  surface.  If  that  is  impossible, 
you  will  always  be  safe  if  you  follow' this  rule: 
NEVER  GET  ANY  PART  OF  YOUR  BODY  Itf 
FROtyT  OF  THE  SCREWDRIVER  BLADE  TIP. 
That  *ia  a?  good  safety  rule  for  any  sharp  or 
pointed  tool. 

•  -PLIERS 

Pliers  are  made  in  many  styles  and  sizes 
'  and  are  used  to.  perform   many  different 
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Figure  l-94.-SUpjoint  pliers. 


Figure  l-95.-Slipjgint 
combination  pliers. 


1.21.4B 


operations.  Pliers  are  used  for  cutting  pur* 
poses  as  well  . as  holding  and  gripping  small 
articles',  in  situations  where  it  may  be  incon- 
venient or  impossible  to  use  hands.  Figure 
1-93  shows  several  different  kinds. 

The  combination  pliers  are  handy  for  holding 
or  bending  flat  or  round  stock.  The  long-nosed 
pliers  are  less  rugged,  and  break -easily  if  you. 
use  them  on  heavy  jobs.  Long-nosed  pliers 
commonly  called  needle-nose  pliers  are  espe- 
cially useful  for  holdfog  small  objects  in  tight 
places  and  for  making  delicate  adjustments. 
The  round-nosed- kind  are  handy  when  you  need 
ta  crimp  sheet  metal  or  form  a  loop  in  a  wire, 
The  diagonal  cutting  pliers,  commonly  called 
"diagonals"  or  "dikes,"are  designed  for  cutting 
wire  and  cotter  pins  close  to  a  flat  surface  and 
are  especially  useful  in  the  electronic  and  elec- 
trical fields.  The  duckbill  pliers  are  used  ex- 
tensively in  avtatiob  areas. 

Here  are  two  important  rules  for  using 
pliers: 


1.  Do  not  make  pliers  work  beyond  their 
capacity.  The  long-nosed  kindle  especially 
delicate,  ft  is  easy  to  spring  or  break  them,  or 
nick  their  edges.  After  teat,  they  are  practi- 
cally useless. 

2.  Do  not  use  pliers  to  turn  nuts.  In  just  a 
few  seconds,  a  pair  of  pliers  cun  damage  a  nut. 
Pliers  must  not  be  substituted  for  wrenches. 

SLIP-JOINT  PLIERS 

Slip-joint  pliers  (fig.  1-94)  are  pliers  with 
straight,  serrated  (grooved),  jaws \ and  the  screw 
or  pivot  with  which  the  jaws  are  fastened  to- 
gether may  be  moved  to  either  of  two  positions, 
in  order  to  grasp  small-  or  -large-sized  ob- 
jects better. 

o  spread  the  jaws  of  slip- joint  pliers,  first 
spread  the  ends  of  the  handles  apart  as  far  as 
possible.  The  slip-joint,  or  pivot,  will  now 
move  to  the  open  position.  To  close,  again 
spread  the  handles  as  far  as  possible,  then  push 
the  joint  back  into  the  closed  position. 
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RELEASE  LEVER 
Figure  l-96.-Vise  grip  pliers. 
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Figure  l-?7.-Water  pump  pliers, 


44.22 


,     •  1.21(44B)B 
Figure  l-98.-Channel-lock  pliers. 


Sip- Joint  combination  pliers  (fig.  1-95)  are 
pliers  similar  to  the  slip-joint  pliers  just 
described,  but  with  the  additional  feature  of  a 
aide  cutter  at  the  junction  of  the  jaws.  This 
cutter  consists  of  a  pair  of  square  cut  notches, 
one  on  each  jaw,  which  act  like  a  pair  of  shears 
when  an  object  is  placed  between  them  and  the 
jaws  are  closed. 

The  cutter  is  designed  to  cut  material  such 
as  soft  wire  and  nails.  To  use  the  cutter,  open 

wttoths  other.  Place  the  material  to  be  cut  as 

Sf  5SS  *i!5Mible  tat0  ***  °Pen^n8  formed  by 
thecutter,and  squeeze  the  handles  of  the  pliers 
togrther.  Do  not  attempt  to  cut  hard  material 
'^A?******  *ire  or  hard  rivets  with  the 
combination  pliers.  To  do  so  will  spring  the 


£*7j  U  ?e  jaws  are/sprung,  »  will  be  dif- 
ficult thereafter  to  cut/ small  wire  with  the 
cutters.  / 

WRENCH  (VISE-GRIP^PLIERS  - 

h„,rSe"£ip  pliers  (fig"  1"96)»  can  be  «sed  for 
holding  objects  regardless  of  their  shape.  A 
screw  adjustment  in/one  of  the  handles  makes 
tftem  suitable  for  several  different  sizes.  The 
jaws  of  vise-grips  ,may  have  standard  serra- 
tions such  as  the  pliers  just  described  or  may 
have  a  clamp-type/ jaw.  The  cjamp-type  jaws 
are  generally  wide  and  smooth  and  are  used 
primarily  when  working  with  sheet  metal, 

Vise-grip  pliers  have  an  advantage  over 
other  types  of  pliers  in  that  you  can  clamp  them 
on  an  object  and  they  will  stay.  This  will  leave 
your  hands  free  fdr  other  work. 

*  t»  Ac^tsmanu^esthistoo1  a  number  of  ways. 
It  may  be  used  as  a  clamp,  speed  wrench,  port- 
able vise  and  for  many  other  uses  where  a 
locking,  plier  type  jaw  may  be  employed.  These 
pliers  can  be  adjusted  to  various  jaw  openings 
bLf?^  /knurled  adjusting  screw  at  the 
end  of  the  handle  (fig.  1-96).  Vise-grips  can 
be  clamped  and  locked  in  position  by  pulling 
the  lever  toward  the  handle. 

CAUTION:  /Vise-grip  pliers  should.be  used 
with  care  since  the  teeth  in  the  jaws  tend  to 
damage  the  object  on  which  they  are  clamped 
They  should  not  be  used  on  nuts,  bolts,  tube  fit- 
tings, or  other  objects  which  must  be  reused. 

water-pump~pliers 

i         ■  s  \ 

■  Water-pump  pliers  were  originally  designed 
tor  tlghtenlng|or  removing  water  pump  packing 
nuts.  They  were  excellent  for  this  job  because 
they  have  a  jaw  adjustable  to  seven  different  po- 
sitions. Water-pump  pliers  ^flg.  1-97)  are 
easily  Identified  by  their  size,  jaw  teeth,  and 
adjustable /slip  joint.  The- inner  surface  of  the 
jaws  consists  of  a  series  of  coarse  teeth  formed 
by  deep  grooves,  a  surface  adapted  to  grasping 
cylindrical  objects.  P  8 

CHANNEL-LOCK  PLIERS 

Cdannel-lock  pliers  (fig.  1-98)  are  another 
»  erslon  of  water-pump  pliers  easily  Identified 
»/  the  extra  long  handles,  which  make  them  a 
i<ty  powerful  gripping  tool.  They  are  shaped 
approximately  the  same  as  the  pliers  just 
described,  hut  the  jaw  opening  adjustment  Is 
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effected  differently.  Channel-lock  pliers  have 
grooves  on  one  jaw  and  lands  on  the  other.  The 
adjustment  is  effected  by  changing  the  position 
of  the  grooves  and  lands.  The  Channel-lock 
pliers  are  less  likely  to  slip  from  the  adjust- 
ment setting  'when  gripping  an  object.  The 
channel-lock  pliers  will  only  be  used  where  it 
is  impossible  to  use  a  more  adapted  wrench  or 
holding  device.  Many  nuts  and  bolts  and  sur- 
rounding parts  have  been  damaged  by  improper 
use  of  channel-lock  pliers.  1 

DIAGONAL  PLIERS 

Diagonal  cutting  pliers  (fig.  1-93)  are  used 
for  cutting  small,  light  material,  such  as  wire 
and  cotter  pins  in  areas  which  are  inaccessible 
to  the  larger  cutting  tools.  Also,  since  they  are 

•  designed  for  cutting  only,  larger  objects  can  be 
cut  than  with  the  slip- joint  pliers. 

As  the  cutting  edges  are. diagonally  offset 

•  approximately  15  degrees,  diagonal  pliers  are 
adapted  to  cutting  small  objects  flush  with  a 
surface.  The  inner  jaw  surface  is  a  diagonal 
straight  cutting  edge.  Diagonal  pliers  should 
never  be  used  to  hold  objects,  because  they  ex- 
ert a  greater  shearing  force  than  other  types  of 
pliers  of  a  similar  size.  The  sizes  of  the  di- 
agonal cutting  pliers  are  designated  by  the 
overall  length  of  the  pliers. 

SIDE-CUTTING  PLIERS 

Side-cutting  pliers  (sidecutters)  are  prin- 
cipally used  for  holding,  bending,  and  cutting 
thin  materials  or  small  gage  wire.  Sidecutters 
vary  in  size  and  are  designated  by  their  overall 
length.  The  jaws  are  hollowed  out  on  one  side 
just  forward  of  the  pivot  point  of  the  pliers. 
Opposite  the  hollowed  out  portion  of  the  jaws 
are  the  cutting  edges  (fig.  1-93). 

,  When  holding  or  bending  light  metal  surfaces, 
the  jaw  tips  are  used  to  grasp  the  object.  When 
holding  wire  grasp  it  as  near  one  end  as  pos- 
sible ,because  the  jaws  will  mar  the  wire.  To 
cut  small  diameter  wire  the  side  cutting  edge 
of  the  jaws  near  the  pivot  is  used.  Never  use 
sidecutters  to  grasp  large  objects,  tighten  nuts, 
or  bend  heavy  gage  metal,  since  such  operations 
will  spring  the  jaws. 

Sidecutters  are  often  called  electrician  or 
lineman  pliers.  They  are  used  extensively  for 
stripping  insulation  from  wire  and  for  twisting 
wire  when  making  a  splice. 


(A) 


1.21(44B)C 
Figure  1-99.— Pliers.  (A)  Duckbill; 
(B)  needle  nose;  and  (C)  wire 
twister. 


DUCKBILL  PLIERS 

Duckbill  pliers  (fig.  l-99A),have  long  wide 
jaws  and  slender  handles.  Duckbills  are  used 
in  confined  areas  where  the  fingers  cannot  be 
used.  The  jaw  faces  of  the  pliers  are  scored  to 
aid  in  holding  an  item  securely.  Duckbills  are 
ideal  for  twisting  the  safety  wire  used  in  secur- 
ing nuts,  bolts,  and  screws. 


NEEDLE-NOSE  PLIERS 


i 


Needle-nose  pliers  (fig.  1-99B),  are  used  in 
the  same  manner  as  duckbill  pliers.  However, 
there  is  a  difference  in  the  design  of  the  jaws. 
Needle-nose  jaws  are  tapered  to  a  point  which 
makes  them  adapted  to  installing  and  removing 
small  cotter  pins.  They  have  serrations  at  the 
nose  end  and  a  side  cutter  near  the  throat. 
Needle-nose  pliers  may  be  used  to  hold-  small 
items  steady,  to  cut  and  bend  safety  wire,  or  to 
do  numerous  other  jobs  which  are  too  intricate 
or  too  difficult  to  be  done  by  hand  alone. 

NOTE:  Duckbill  and  needle-nose  pliers  are 
especially  delicate..  Care  should  be  exercised 
when  using  these  pliers  to  prevent  springing, 
breaking,  .or  chipping  the  jaws.  Once  these 
pliers  are  damaged,  they  are  practically  useless. 

WIRE-TWISTER  PLIERS 

Wire-twister  pliers  (fig.  l-99C),are  three- 
way  pliers,  which  hold,  twist,  and  cut.  They 
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CLAMP  BASE  BENCH 
*  Figure  1-100.— Common  types  of  bench  vises. 


11.3(44) 


are  designed  to  reduce  the  time  used  in  twisting 
safety  wire  on  nuts  and  bolts.  To  operate, 
grasp  the  wire  between  the  two  diagonal  jaws, 
and  the  thumb  will  bring  the  locking  sleeve  into 
place.  A  pull  on  the  knob  twirls  the  twister, 
making  uniform  twists  in  the  wire.  The  spiral 
rod  may  be  pushed  back  into  the  twister  without 
unlocking  it,  and  another  pull  on  Uhe  knob  will 
give  a  tighter  twist  to  the  wire.  A  squeeze  on 
the  handle  unlocks  the  twister,  and  the  wire  caa 
be  cut  to  tlie  desired  length  with  the  side  cutter. 
The  spiral  of  the  twister  should  be  lubricated 
occasionally. 

MAINTENANCE  OF  PLIERS 

Nearly  all  sidecutting  pliers  and  diagonals 
are  designed  so  that  the  cutting  edges  can  be 
reground.  Some  older~models  of  pliers  will  not 
close  if  material  is  ground  from' the  cutting 
edges.  When  grinding  the  cutting  edges  never 
take  any  more  material  from  the  Jaws  than  is 
necessary  to  remove  the  nicks.  Grind  the*  same 
amount  of  stock  from  both  jaws. 

NOTE:  When  jaws  on  pliers  do  not  open 
enough  to  permit  grinding,  remove  the  pin  that 
attaches  the  two  halves  Oof  the  pliers  so  that  the 
jaws  can  be  separated. 


The  serrations  on  the  jaws  of  pliers  must  be 
sharp.  When  they  become  dull, the  pliers  should 
be  held  in  a  vise  and  the  serrations  recut  by 
using  a  small  3- corner  file.    .  , 

Pliers  should  be  coated  with  light  oil  when 
they  are  not  in  use.  They  should  be  stored  in  a 
toolbox  in  such  a  manner  that  the  jaws  cannot  be 
injured  by  striking  hard  objects.  Keep  the  pin 
or  bolt  at  the  hinge  just  tigfrt  enough  to  hold  the 
two  parts  of  the  pliers  in  contact  and  always 
keep  the  pivot  pin  lubricated  with  a  few  drops  of 
light  oil. 

VISES  AND  CLAMPS 

Vises  are  use£  for  holding  work  when  it  is 
being  planed,  sawed,drtlled,  shaped,  sharpened, 
or  riveted,  or  when  wood  is  being  glued.  Clamps 
are  used  for  holding  work  which  cannot  be  sat* 
isfactorily  held  in  a  vise  because  of  its  shape 
and  size,  or  when  a  vise  is  not  available. 
Clamps  are  generally  used  for  light  work. 

Figure  1-ipO  shows  the  most  common  bench 
vises  that  are  used  throughout  the  Navy. 

A  MACHINIST'S  BENCH  VISE  is  a  large 
steel  vise-with  rough  jaws  that  prevent  the  work 
from  slipping.  Most  of  these  vises  have  a 
swivel  base  with  jaws  that  can  be  rotated,  while 
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others  cannot  be  rotated.  A  similar  light  duty 
model  is  equipped  with  a  cutoff.  These  vises 
are  usually  bolt-mounted  onto  a  bench. 

THE  BENCH  AND  PIPE-VISE  has  integral 
Pipe  jaws  for  holding  pipe  from  3/4  inch  to  3 
inches  in  diameter.  The  maximum  working 
mate  jaw  opening  is  usually  5  inches,  with  a  jaw 
width  of  4  to  5  inches.  The  base  can  be  swivelled 
to  any  position  and  locked.  These  vtses  are 
equipped  with  an  anvil  and  are  also  bolted  onto 
a  workbench. 

The  CLAMP  BASE  VISE  usually  has  a 
smaller  holding  capacity  than  the  machinist's 
or  the  bench  and  pipe  ,  vise  and  is  usually 
clamped  to  the  edge  of  a  bench  with  a  thumb- 
screw. These  type  vises  can  be  obtained  with  a 

f?/im!Jm!,J|0i<?ng^paclty  Varyin*  between- 
1 1/2  in.  and  3  in.  These  vises  normally  do  not 
have  pipe  holding  jaws. 

The  BLACKSMITH'S  VISE  (fig.  1-101)  is 
used  for  holding  work  that  must  be  pbunded  with 
a  heavy  hammer.  It  is  fastened  to  a  sturdy 
workbench  or  wall,  and  the  long  leg  is  secured 
into*  solid  base  on  the  floor.  * 

The  PIPE  VISE  (fig.  l-ioi)  is  specifically 
designed  to  hold  round  stock  or  pipe.  The  vise 
shown  has  a  capacityoof  1  to  3  inches.  One  jaw 

£  h%l*°  ^  °*  work  can  °e  Positioned  and 
then  the  jaw  brought  down  and  locked.  This  vise 
is  also  used  on  a  bench.  Some  pipe  vises  are 
designed  to  use  a  section  of  chain  to  hold  down 

?/«W*?;  iC£\to  ?lpe  viM8  ln  *«•  from 
1/8-  to  2  1/2  inch  pipe  capacity  up  to  1/2-  to 

8-inch  pipe  capacity.  ■ 

i.H«n"C^P  U  m)  »8  shaped  like  the 
letter  C.  It  consists  of  a  steel  frame  threaded 

hL?C»Ve  40  2P«atta«  8crew  with,  a  swivel 
head,  ft  is  made  for  light,  medium,  and  heavy 
service  in  a  variety  of  sizes. 
..J1.8^0  SCREW  CLAMP  (fig.  1.102)  con- 
sists of  twp  hard  maple  jaws  connected  with  two 
operating  screws.  Each  jaw  has  two  metal  in- 
serts Into  which  the  screws  are  threaded.  The 
hand  screw  clamp  is  also  Issued  from  supply  in 
a  variety  of  sizes. 

CARE, 

'  Keep  vises  clean  at  ail  times.  They  should 
be  cleaned  and  wiped  with  light  oil  after  using. 
Never  strike  a  vise  with  a  heavy  object  and 
never  hold  large  work  In  a  small  vise,  since 
these  practices  will  cause  the  jaws  to  become 
sprung  or  otherwise  damage  the  vise.  Keep 
jaws  in  gpod  condition  and  oil  the  screws  and 
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Figure  l-lOl.-Blacksmtth's  and  pipe  vises. 

£ee5de,  H^^-  Never  oil  the  swivel  base 

^VelJ?Wj°int;lts  holdlng  P°*«  wl»  belm- 
P*lre?'  When  the  vise  Is  not  in  use,  bring  the 
aws  lightly  together  or  ieave'a  very  small  gap 

b£nk  T^V™  ******  clos^'vise  ffy' 
break  due  to  the  expansion  of  the  metal  in  heat.) 
Leave  the  handle  In  a  vertical  position. 

Threads  of  C-clamps  must  be.ciean  and  free 
from  rust.  The  swivel  head  must  also  be  clean' I 
smooth  and  grit  free.  If  the  swivel  head  be-  1 
comes  damaged,  replace  it  as  follows:  pry 
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Figure  1-102.-C-Clamp  and  handscrew  clamp* 
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Figure  1-103. -Shapes  of  sharpening  stones  and  oilstones* 
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open  the  crimped  portion  of  the  head  and  re- 
move the  head  from  the  ball  end  of  the  screw* 
Replace  with  a  new  head  and  crimp* 

SAFETY  PRECAUTIONS 

0 

When  closing  the  jaw  of  a  vise  or  clamp, 
•avoid  getting  any  portion  of  your  hands  or 


body  between  the  jaws  or  between  one  jaw  and 
the  work* 

When  holding  heavy*work  in  a  vise,  place  a 
block  of  wood  under  the  work  as  a  prop  to  pre- 
vent it  from  sliding  down  and  falling  on  your 
foot* 

Do  not  open  the  jaws  of  a  vise  beyond  their 
capacity,  as  the  movable  jaw  will  drop  off, 
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caualng  personal  injury  and  possible  damage 
tothejaw, 

SHARPENING  STONES 

Sharpening  stones  are  divided  into  two 
groups,  natural  and  artificial.  Some  of  the 
natural  stones  are  oil  treated  during  and  after 
the  manufacturing  processes.  The  stones  that 
are  oil  treated  are  sometimes  called  oilstones. 
Artificial  stones  are  normally  made  of  silicone 
carbide  or  . aluminum  oxide.  Natural  stones  have 
very  fine  grains  and  are  excellent  for>  putting 
razorlike  edges  on  fine  cutting  tools.  Most 
sharpening  stones  have  one  coarse  and  one  fine 
fece.  Some  ~of  these  stones  are- mounted,  and 
the  working  face  of  some  of  the  sharpening 
stones,  is  a  combination  of  coarse  and  fine 
grains.  Stones  are  available  in  a  vareity  of 
.  •tapes,  aa  shown  in  figure  1-103. 

A  fine  cutting  oil  is  generally  used  with  most 
artificial  sharpening  stones;  however,  other 
lubricants  such  as  kerosene  may  be  used.  When 
a  tool  has  been  sharpened  on  a  grinder  or  ' 
grindstone,  there  is  usually  a  wire  edge  or  a 
feather  edge  left  by  the  coarse  1  wheel.  The 
sharpening  stones  are  used  to  hone  this  wire  or 
feather  edge  off  the  cutting  edge  of  the  tool.  Do  * 
not  attempt  to  do  a  honing  job  with  the  wrong 
stone.  Use  a  coarse  stone  to  sharpen  large  and 
very  dull  or  nicked  tools.  Use  a  medium  grain 
stone  to  sharpen  tools  not  requiring  a  finished 
edge,  such  as  tools  for  working  soft  wood, cloth, 
leather,  and  rubber*  Use  a  fine  stone  and  an 
'  oilstone  to  sharpen  and  hone  tools  requiring  a 
razorlike  edge. 

.  6  Prevent  glazing  of  sharpening  stones  by  ap- 
plying a  light  oil  during  the  use  of  the  stone. 
Wipe  the  stone  clean  with  wiping  cloth  or  cotton 
waste  after  each  use.  If  stone  becomes  glazed 
or  gummed  up,  clean  with  aqueous  ammonia  or 
drycleaning  solvent.  If  necessary,  scour  with 
aluminum  oxide  abrasive  cloth  or  flint  paper 
attached  to  a  flat  block. 

At  times,  stones  wilt  become  uneven  from 
improper  usev  True  the  uneven  surfaces  on  an 
old  grinding  wheel  or  on  a  grindstone.  Another 
method  of  truing  the  surface  is  to  lap  it  with  a 
block  of  cast  iron  or  other  hard  material  cov- 
ered with  a  waterproof  abrasive  paper,  dipping 
the  stone  in  water  at  regular  intervals  and  con- 
tinuing the  lapping  until  the  stone  Is  true. 

Stones  must  be  carefully  stored  In  boxes  or 
on  special  racks  when  not  in  use.  Never  lay 
them  down  on  uneven  surfaces  or  place  them 
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figure  1-104.-Sharpening  a 
woodworker's  chisel. 


where  they  may  be  knocked  off  a  table  or  bench, 
or  where  heavy  objects  can  fall  on  them-  Do  not 
store  in  a  hot  place. 

SHARPENING  A  WOOD  CHISEL 
*  . 

To  sharpen  a  wood  chisel  with  a  sharpening 
stone,  use  a  common  oilstone  that  has  coarse 
grit  on  one  side  and  fine  grit  on  the  other  (fig. 
1-104).  Make  sure  the  stone  is  firmly  held  so 
that  it  cannot  move.  Cover  the  stone  with  a 
light  machine  oil  so  that  the  fine  particles  of 
steel  ground  off  will  float  and  thus  prevent  the 
stone  from  clogging. 

Hold -the  chisel  in  one  hand  with  the  bevel  flat 
against  the  coarse  side  of  the  stone.  Use  the 
fingers  of  your  other  hand  to  steady  the  chisel 
and  hold  it  down  against  the  stone.  Using  smooth 
even  strokes,  rub  the  chisel  back  and  forth 
parallel  to  the  surface  of  the  stone  (fig.  5-18). 
The  entire  surface  of  the  stone  should  be  used 
to  avoid  wearing  a  hollow  in  the  center  of  the 
stone.  Do  ntit  rock  the  blade.  The  angle  of  the 
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\  44437 
Figure  1-105,-Sharpening  a  pocket  knife. 

blade  with  the  stone  must  remain  constant  dur- 
ing the  whetting  process. 

Alter  a  few  strokes,  a  burr,  wire  edge,  or 
feather  edge  is  produced*  To  remove  the  burr, 
first  take  a  few  strokes  with  the  Oat  side  of  the 
chisel  held  flat  onttie  fine  grit  side  of  the  stone. 
Be  careful  not  to  raise  the  chisel  even  slightly; 
avoid  putting  the  slightest  bevel  on  the  flat  side, 
for  then  the  chisel  must  be 'ground  until  the 
bevel  is  removed. 

After  whetting  the  flat  side  on  the  fine  grit* 
side  of  the  stone,  turn  the  chisel  over  and  place 
the  bevel  side  down  and  hold  it  at  the  same 
angle  as  used  when  whetting  on  the  coarse  side 
of  the  stone.  Take  two  or  three  light  strokes  to 
remove  the  burr.  * 

.To  test  the  sharpness  of  the  cutting  edge,' 
hold  the  chisel  where  a  good  light  will  shine  on 
the  cutting  edge.  A  keen  edge  does  not  reflect 
light  in  any  position.  If  there  are  no  shiny  or 
white  spots  it  is  a  good  edge. . 

SHARPENING  A  POCKET  KNIFE 

Pocket  knives  may  be  sharpened  on  a  me- 
dium or  fine  grade  sharpening  stone  with  a  few 
drops  ot  oil  spread  on  the  surface.  Hold  the 
handle  of  the  knife  in  one  hand  and  place  the 
blade  across  the  stone.  Press  down  with  the 
fingers  of  the  other  hand  and  stroke  the  blade 
following  a  circular*  motion  as  shown  in  figure 
1-105.  After  several  strokes,  reverse  the 
blade  and  stroke  the  opposite  side, following  the 
same  type  of  motion.  Use  a  light  even  pres- 
sure. A  thin  blade  overheats  quickly  and  can 
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\  44.210 
Figure  1-106.— Knives. 

lose  its  temper.  The  wire  edge  or  burr  that 
may  be  left  on  a  knife  blade  after  whetttng-may 
be  removed  by  stropping  both  sides  on  a  soft 
wood  block,  canvas  or  leather. 

MISCELLANEOUS  TOOLS 

Tools  described  in  this  section  may  be  en- 
countered, at  some  time  in  your  Navy  career. 
They  may  not  necessarily  be  found  in  any  par- 
ticular toolkit  but  may  be  stored  'in  a  central 
toolroom,  to  be  checked  out  when  needed.  This 
section  of  tlje  text  will  give  you  some  tips  on 
their  nomenclature,  where  and  how  they  can  be 
used,  and  some  safety  precautions  to  be  ob- 
served when  using  these  tools. 

KNIVES  '  .  % 

Most  knives  are  used  to  cut,  pare,  and  trim 
wood,  leather,  rubber  and  other  similar  mate- 
rials. The  types  you  will  probably  encounter 
most  frequently  are  the  shop  knife;pocket  knife, 
and  the  putty  knife  (fig.  1-106). 

The  shop  knife  can  be  used  to  cut  cardboard, 
linoleum,  and  paper.  It  has  an  aluminum  han- 
dle and  is  furnished  with  interchangeable  blades 
stored  in  the  5-inch  handle. 

'Pocket  knives  are  used  for  light  cutting, 
sharpening  pencils,  cutting  strings,  etc.  They 
are  unsuited  for  heavy  work..  Multi-purpose 
knives  have  an  assortment  of  blades  designed 
for  forcing  holes,  driving  screws  and  opening 
cans,  as  well  as  cutting.  The  blades  are  hinged 
and  should  be  contained  within  the  case  when 
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not  in  un.  They  are  spring  loaded  to  keep  them 
firmly  In  place  when  open  or  closed* 

A  putty  knife  is  used  for  applying  putty  to 
window  sash  when  .setting  in  panes  of  glass. 
The  blade  has  a  wide  square  point  available  in 
different  lengths  and  widths* 

Safety  with  knives  is  essential*  Do  not  use 
knives  larger  than  can  be  safely  handled*  Use 
knives  only  for  the  purpose  for  which  they  were 
designed*  Always  cut  away  from  your  body. 
Do  not  carry  open  knives  in  your  pocket  or 
leave  them,  where  they  may  come  into  contact 
with  or  cause-injury  to  others.  Put  knives  away 
carefully  after  ,  use  to  protect  sharp  cutting 
edges  from  contacting  other  hard  objects. 


MECHANICAL  FINGERSj  » 

Small  articles  which  have  fallen  into  places 
where  they  cannot  be  reached  by  hand  may  be 
retrieved  with  the  mechanical  fingers.  This 
tool  is  also  used  when  starting  nuts  or  bolts  in 
difficult  areas*  The  mechanical  fingers,  shown 
in  figure  1-107  have  a  tube  containing .  flat 
springs  which  extend  from  the  end  of  the  tube 
to  form  clawlike  fingers*  much  like  the  screw 
holder.  The  springs  are  attached  to  a  rod  that 
extends  from  the  outer  end  of  the  tube.  A  plate 
is  attached  to  the  end  of  the  tube,  and  a  similar 
plate  to  be  pressed  by  the  thumb  is  attached  to 
the  end  of  the  rod.  A  coil  spring  placed  around 
the  rod  between  the  two  plates  holds  them  apart 
and  retracts  the  fingers  into  the  tube*  With  the 
bottom  plate  grasped  between  the  fingers  and 
enough  thumb  pressure  applied  to  the  top  plate 
to  compress  the  spring,  the  tool  fingers  extend 
from  the  tube  in  a  grasping  position.  When  the 
thuuib  pressure  is  released,  the  tool*  fingers 
retract  into  the  tube  as  far.  as  the  object  they 
hold  will  allow.  Thus,  enough  pressure  is  ap- 
plied on  the  object  to  hold  it  securely.  Some 
mechanical /fingers  have  a  flexible  end  on  the 
tube  to  permit  their  use  in  close  quarters  .or 
around  obstructions  (fig.  1-107). 

NOTE:  Mechanical  fingers  should  not  be 
used  as  a  substitute  for  wrenches  or  pliers. 
The  fingers  are  made  of  thin  sheet  metal  or 
spring  wire  and  can  be  easily  damaged  by 
overloading.  . 

Flashlight 

Each  toolbox  should  have  a  standard  Navy 
vaporproof  two-cell  flashlight.  The  flashlight 
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Figure  1-107. -Mechanical  fingers. 


is  used  constantly  during  all  phases  of  main- 
tenance. Installed  in  both  ends  of  the  flashlight 
are  rubber  seals  which  keep  out  all  vapors. 
The  flashlight  should  be  inspected  periodically 
for  the  installation  of  these  seals,  the  spare 
bulb, .and  colored  filters  which  are  contained  in 
the  end  cap.  NOTE:  Do  not  throw  away  the 
filters;  they  will  be  necessary*  during  night 
operations. 
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Figure  1-108 .-Adjustable  Inspection 
mirror. 


INSPECTION  MIRROR  •  , 

s 

There  are  several  types  of  Inspection  mir- 
rors available  for  use  In  maintenance.  The 
mirror  is  Issued  In  a  variety  of  sizes  and  may 
be  round  or  rectangular.  The  mirror  Is  con- 
nected to  the  end  of  a  rod  and  may  be  fixed  or 
adjustable  (fig.  1-108). 

'  The  Inspection  mirror  aids  in  making  de- 
tailed Inspection  where  the  human  eye  cannot 
directly  see  the  inspection  area.  By  angling- the 
mirror,  and  with  the  aid  of  a  flashlight,  It  Is 
possible  to  Inspect  most  required  areas.  A  late 


model  Inspection  mirror  features  a  bullt-ln 
tight  to  aid  In  viewing  those  dark  places  where 
use  of  a  flashlight  is  not  convenient. 

PERSONAL  SAFETY  EQUIPMENT 

To  protect  you  from  danger,  protective 
equipment  such  as  safety  shoes,  goggles,  hard 
hats  and  gloves  are  Issued.  The  use  of  this 
equipment  Is  mandatory  on  certain  jobs.  Their 
use  is  a  MUST  and  there  Is  no  question  about 
that.  Be  sure  to  USE  THEM  on  any  job  WHERE 
they  are  REQUIRED.  They  can  protect  you 
from  a  lot  of  harm. 

SAFETY  SHOES 

Some  safety  shoes  are  designed  to  limit 
damage  to  your  toes  from  falling  objects.  A 
steel  plate  Is  placed  In  the  toe  area  of  such 
shoes  so  that  ybur,toes  are  not  crushed  if  an 
object  Impacts  there. 

Other  safety  shoes  are  designed  for  use 
where  danger  from  sparking  could  cause  an 
explosion.  Such  danger  Is  minimized  by  elimi- 
nation of  all  metallic  nails  and  eyelets  and 
the  use  of  soles  -which  do  not  cause  static 
electricity.  ■  ( 
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Figure  l-109.-jEye  protection  devices. 
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Figure  1-1 10.- Gas  arid  electric-arc  # 
welding  gauntlet  gloves. 


BOOY  UELT  1      SAFETY  STRAP 


29.239  1 

Figure  1-  lll.-Safety  equipment. ' 


■  GOGGLES 

"Proper  eye-  protection  is  the  utmost  im- 
portance for  all  personnel.  Eye  protection  is 
necessary  because  of  hazards  posed  by  infrared 
and  ultraviolet  radiation,  or  by  flying  objects 
such  as  sparks,  gltibules  of  molten  metal,  or 
chipped  concrete  and  wood,  etc.  These  hazards 

fn<re  eZtpr,eSe-  luring  weldin*'  cuttlnK.  Ber- 
ing, chipping,     nding  and  a  variety  of  other 

.  operations.  It  fMPERATIVE  for  you  to  use 
eye  protection  .  lCes  such  as  helmets,  hand- 
shields  and  goggles  (fig.  1-109)- during  eye- 
hazard  operations.  y 

Appropriate  use  of  goggles  will  limit  eye 
hazards.  Some  goggles  have  plastic  windows 
which  resist  shattering  upon  impact,  others 


Figure  l-112.-Errdhat. 
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are  designed  to  limit  harmful  infrared  and  ul- 
traviolet radiation  from  arcs  or  flames  by  ap- 
propriate filter  lenses.  —  P 
Remember,  eye  damage  can  be  excruciatingly 
painful.  PROTECT  .YOUR  EYES. 

GLOVES 

}.  Use  gloves  whenever  you  are  required  to 
handle  rough,  scaly,  or  splintery  objects.  Spe- 
cial flameproof  gloves  are  designed  for  gas  and 
eiectric  welding,  to  limit  danger  and8damage 

■'^SiFS*       other  hot  flyinK  objects. (fig. 
1-UO).  Personnel  in  the  electrical  fields  are 

gloves7  requlred  t0  wear  ins«lating  rubber 

•  Be  sure  to  follow  all  regulations  prescribed 
for  the  use  of  gloves.  Gloves  must  not  be  worn 
around  rotating  machinery  unless  sharp  or 
rough  material  is  being  handled.  If  such  is  the 

■  ™'rxEXTREME  CARE  SHOULD  BE  EXER- 
CISED to  prevent  the  gloves  from  being  caught 
in  the  machinery.  « 

SAFETY  BELTS-AND  STRAPS 

The  "safety  strap"  and  "body  belt"  shown  in  • 
figure  l-lll  are  what  might  bewailed  your  ex- 
tra hands  when  you  work  aloft.  The  body  belt 
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strapped  around  your  waist  contains  various 
pockets  for  snail  tools..  The  safety  strap  is  a 
leather  or  neoprene  impregnated  nylon  belt  with 
a  tongue-type  buckle  at  each  end.  While  you  are 
*  climbing  you  will  have  the  safety  strap  hanging 
>  by  both  ends  from  the  left  ring  (called/a  "D" 
.rtog  because  of  itjr  shape)  on  the  body  belt. 
.When  you  are  at  working  position,  you  unsnap 
one  end  of  the  safety  strap,  pass  it  around  the 
supporting  structure  so  there  is  no  danger  of 
its  slipping  (at  least  18  inches  from  the  top  of 
the  part  on  which  it  is  fastened) ,  and  hook  it  to 
the  right  "D"  ring  on  the  body  belt. 

The  safety  strap  must  be  placed  around  a 
v  part. of  tfie  structure  which  is  of  sufficient 
strength  to  sustain  a  man's  weight  and  his 
equipment,  and  must  rest  flat  against  the  suf^ 
face  without  twists  or  turns,  tt  must  not  be 
placed  around  any  part  of  a  structure  which  is 
being  removed.  Men  climbing  poles  at  shore 
stations  must  be  sure  to  place  the  straps  be- 
oeath  arms  and  braces  of  the  poles,  wherever 
possible. 

Before  placing  your  weight  on  the  strap,  de- 
termine VISUALLY  that  the  snap  and  "D"  ring 
are  properly  engaged.  Do  not  rely  on  the 
"click"  of  the  snap-tongue  as  an  indication  the 
fastening  is  secure. 

Hie  bfcdy  belt  and  safety  strap  require  in- 
spection before  use.  Look  for  loose  or  broken 
rivets,  cracks,  cuts,  nicks,  tears0  or  wear  in 
leather,  broken  or  otherwise  defective  buckles, 
such  'as  enlarged  tongue-holes,  defects  in 
safety-belt*  snap  hooks  and  body  belt  "D"  rings. 
If  you  discover  any  of  these  or  other  defects, 
turn  in  your  equipment  and  replace  it. . 

Perform  maintenance  periodically  in  ac- 
cordance with  applicable  procedures.  Remem- 
ber that  leather  and  nylon  belts  are  treated  in 
different  manners. 

PROTECTIVE  HELMETS 

Protective  helmets  (hard  hats)  come  in  a! 
variety  of  shapes.  They  may  be  made  of  tough 


polyethylene  or  polycarbonate,  one  of  the 
toughest  hat  materials  yet  developed.  Many  a 
man  has  had  his  life  saved  because  he  wore  a 
protective  hat  (fig.  1*112).  When  a  felling 
object  struck  the  hat  the  shock-absorbing  sus- 
pension capabilities  minimized  damage  to  the 
man's  head. 

Regular  hard  hats  are  required  to  have  a 
degree,  of  insulation  resistance  such  that  per- 
sonnel, other  than  electrical,  may  be  protected 
fQ>m  accidental  head  contacts  with  electrical 
circuits  and  equipment  at  comparatively  low 
voltages  (less  than  2200  volts). 

Electrical  workers  requiring  head°protec- 
tion  incidental  to  their  duties  or  to  the  working 
environment,  particularly  those  engaged  in 
/transmission  or  distribution  line  installation' 
and  repair  must  wear  insulating  safety  helmets 
or  all-purpose  protective  helmets  which  must 
be  capable  of  withstanding  20,000  volt  minimum 
proof-tests. 


BUILT-IN  SAFETY 
EQUIPMENT 

In  previous  paragraphs  we  discussed  a  va- 
riety of  safety  equipment  furnished  by  the. 
Navy.   Don't  forget  about  your  own  built-in 
safety  equipment,  however. 

You  have  EYES  to  see  danger,  EARS  to  hear 
warnings,  -FEET  to  get  away,  BRAINS  to  know 
when  danger  is  near,  HANDS  to  help  you  re- 
move or  ^correct  unsafe  conditions,  and  aVOICE 
to  warn  your  shipmates  of  unsafe  acts.  Use 
this  safety  equipment  advantageously  to  limit 
accidents. 

Above  all,  remexpber  your  ABC's. 


ALWAYS 

BE 
CAREFUL 


1«J28 


60 


9 

ERIC 


NO  MATERIAL  IS  MISSING.     PAGE  #677  WAS  OMITTED  DURING  PROCESSING. 


CHAPTER  2 

COMMON  POWE*  TOOLS 


/ 


/ 


Power  tools  are  so  commonplace  in  the  Navy 
that  men  In  all  ratings  use  some  power  tools  at 
one  time  or  another.  This  chapter  of  the  text 
will  be  devoted  to  the  more  common  types  of 
electric  and  air-driven  power  tools  and  equip* 
ment.  Upon  completion,  you  should  be  able  to 
identify  them,  discuss  applicable  safety  meas- 
ures, and  describe  the  general  operating  prac- 
tices and  care  of  these  tools. 


SAFETY 

■  Safe  practices  in  the  use  of  power  tools  can- 
not be  overemphasised.  There  are  several 
general  safety  measures  to  observe  in  operat- 
ing or  maintaining  power  equipment. 

e  First  of  all,  never  operate  power  equip- 
ment unless  you  are  thoroughly  familiar  with 
its  controls  and  operating  procedures.  When  in 
doubt,  consult  the  appropriate  operating  in- 
struction or  ask  someone  who  knows. 

e  All  portable  tools  should  be  inspected  be- 
fore use  to  see  that  they  are  clean  and  in  a 
proper  state  of  repair.  %  >. 

e  Have  ample  illumination.  If  extension 
lights  are  required,  ensure  that  a  light  guard  is 
provided  (fig.  2-1).  > 

e  Before  a  power  tool  is  connected  to  a 
source  of  power  (electricity,  air,  etc.),  BE 
SURE  that  the  switch  on  the  tool  is  in  the  "OFF" 
position. 

e  When  operating  a  power  tool,  give  it  your 
FULL  and  UNDIVIDED  ATTENTION. 

e  Keep  all  safety  guards  in  position  and  use 
safety  shields  or  goggles  when  necessary.  ■ 

e  Fasten  all  loose  sleeves  and  aprons. 

,e  DO  NOT  DISTRACT  OR  IN  ANY  WAY 
DISTURB  another  man  while  he  is  operating  a 
power  tool. 

e  Never  try  to- clear  jammed  machinery  un- 
less you  remove  the  source  of  power  first. 

e  After  using  a  power  tool,  turn  off  the 
power,  remove  the*  power  source,  wait  for- all 
rotation  of  the  tool  to  stop,  and  then  clean  the 


tool.*  Remove  all  waste  and  scraps  from  the 


work  area  and  stow  the  tool  in  its  assigned 
location^  s  J 

e  Uever  plug  the  power  cord  of  a  portable 
electric  tool  into  an  electrical  power  .source 
before  ensuring  that  the  source  has  the  voltage 
and  type  of  current  (alternating  or  directkcalled 
for  on  the  nameplate  of  the  tool. 

e  If  an  extension, cord  is  required,  always 
connect  the  cord  of  a  portable  electric  power 
tool  into  the  extension  cord  before  the  exten- 
sion cord  is  inserted  into  a<>  convenience  outlet 
(fig.  2-2).  Always  unplug  the  extension  cord 
from  the  receptacle  before  the  cord  of  the  port- 
able power  tool  is  unplugged  from  the  extension 
cord.  (The  extension  cord  and  the  power  cord 
can  each  be  no  longer  than  25  feet  in  length. 
Extra  extension  cords  should  be  limited,  wher- 
ever possible,  to  maintain  allowable  resistance 
to  ground.)  * 
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Figure  2- 1. -Safety  poster,  40.67(67B)A 
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USE  THE  CORRECT  PLDG ! 


SAFETY 
GROUND 
PIN 


MAKE  CERTAIN  THAT  THE  TOOLS 
YOU  USE  HAVE  A  SAFETY  PLUG 
AND  CORD  WITH  INTEGRAL 
GROUNDING1  CONDUCTOR. 


Figure  2-2.— Grounding  plugs  and 

.  convenience  outlet.  40.67(67C)A:5.13 

•  Be  sure*  to  use  a  grounded  plug  and  3- 
conductor  cord.  Figure  2-2  shows  a  perma- 
nently molded  type  of  groundedplugand  also  one 
used  for  replacement  purposes. 


•  The  purpose  of  the  properly  grounded,  con-  - 
ductor  In  the  3-conductor  cord  is°to  minimize 
the.  possibility  of  electrical  shock.  Thfeventi  of 
the  groundftig  conductor  within  the  tool  or  equip-  > 
ment  is  connected  to  the  metal  housing  by  the4 
manufacturer,  and,  the  other  end  is  .connected  '% 
to  the  grounding  blade  of?  pin  of  the  grounded  ; 
plug.  In  this  manner,  thi  grounding  conductor 
simulates  the'  mounting  bolts  of  per roarenf . 
fequipment;  namely,  it  joins*  the  metal -case  of  < 
portable  electric  equipment  to  the  metal  of  the 

ship's  hull.     %      m  r;^-  % 

One  exception  to  the,  use  of  3-conductor  a 
grounded  cord  concerns  plastic-cased  .tools  -  ~ 
(drills,"  sanders,  grinders,  etc.)  that  have  been;  , 
developed  to  eliminate*  the  risk  of  electric 
shock.  In  these  tools  the  shafts* and  chucktf  are V' 
isolated  electrically  from  the  drive  motors,  bo 
NOT  replace  the  two-conductor  cable  on  plastic-  * 
cased  tools  with  3*  conductor  cable  IF  the 
plastic-cased  tool  has  an  information  plate  on  it 
stating  that  "grounding  is  not  required" ! 

•  Be  sure  that  power  cords  do  not  come  in 
contact  with  sharp  objects.  The  cords  should 
not  be  allowed  to  kink,  nor  should  they  be  al- 
lowed to  come  in  contact  with  oil,  grease,  hot 

surfaces,  or  chemicals*  -  *      %  * 

•  When  cords  are  damaged,  they  should  be  „ 
replaced;  ^  *  • 

•  Portable  cables  should  be  of*  sufficient  r 
length  that  they  will  not  be  subjected  to  longi- 
tudinal stresses  or  need  to  be  pulled  taut  to 
make  connections.  »* 

•  Electrical  portable  cables ,  should  be  /; 
checked  frequently  while  in  service  to  detect 
unusual  heating.  Any  cable  which  feels  more 
than  comfortably  warm  to  the  bare  hand  placed 
outside  the  insulation  should  be  checked  im- 
mediately for  overloading  by  competent  electri- 
cal personnel.  *  \  \ 

•  See  that  all  cables  are  positioned  so  that 
they  will  not  constitute  tripping  hazards. , 

•  Electricity  must  be  treated  withr  respect 
and  handled  properly  (fig.  2-3).  If  -water;  ex- 
ists anywhere  in  the  vicinity  of  *  enejrgfzed 
equipment— be  especially  cautious,  -irvd  'wher- 
ever possible,  deenergize  the  equipment;^ 

•  Always  remember:  !*  - 


1. 
2. 


3. 


ELECTRICITY  strikes  withoatforntng. 
Every  electrical  circuit  is  a'  POTEN- 
TIAL SOURCE  OF  DANGER  and  MUST 
BE  TREATED  AS  SUCH.  ^ 
Make  no  electrical  repairs  yourself 
unless  you  are  qualified 'to  do  so.  > 
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Figure  2-3.— Know  wtyU  you  are  doing* 

4.  Sparking  electric  tools  should  never  be 
'used  in  places  where  flammable  gases 
or  liquids  or  exposed  explosives  are 

-  *    present.  Pneumatic  tools  are  used  in 
these  areas. 

5.  The  power  should  always  be  discon- 
nected before  accessories  on  tools  are 
Changed. 

- .  \  '  .  ' 

•  •  Shipboard  conditions  are  particularly  con- 
ducive to  electric  shock  possibilities  because 
the  body  may  contact  the  ship's  metal  struc- 
ture* Extra  caret  is  therefore  needed,  espe- 
cially when  body  resistance  may  be  low  because 
of  perspiration  or  damp  clothing.  Insulate  your- 
self from  grourd  by  means  of  insulating  ma- 
terial covering  any  adjacent  grounded  metal 
with  whicii  you  might  come  into  contact.  Suit- 
able materials  include  dry  wood,  dry  canvas, 
dry  phenolic  material:,  several  thicknesses  of 
dry  paper,  or  rubber  mats;  ALWAYS  REPORT 
ANY  \3HOCK~RECEIYED  from  electrical  equip- 
ment.. Minor  shocks  often  iead  to  fatal  shocks 
later  on.  0. 

PORTASLfi  ELECTRIC  POWER  TOOLS 

4 ;  Portable  p^wer  topis  are  tools  that  \an  be 
moved  fnjm  place  to'  place.  ^  So/ne  of  the'  most 


■\ 
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Figure  2-4.-l/4-inch  portable  electric  drill. 

common  portable  power  tolols  that  you  will  use 
in  the  Navy  are  electrically  powered  and  include 
drills,  sanders,  grinders  and  saws. 

-    .    '  i  - 

DRILLS   "  '   ,       !    •  -  \ 

The  portable  electric  drill  (fig.  2-4)  is  prob- 
ably thet-mosTE  frequently  used' power  tool  in  the 
Navy.  Although  it  is-  especially  designed  for 
drilling  holes,  by  adding  various  accessories' 
you  can  adafjt  it  for  different  jobs.  Sanding, 
sawing,  buff ing,  polishing,  screw-driving,  wire 
brushing,  and  paint  mixing  are  examples  of  pos- 
sible uses. 

Portable  electric  drills  commonly  used  in 
the  Navy  have  capacities  for  drilling  holes  in 
steel  from  1/16  inch  up  to  1  inch  in  diameter. 
The  sizes  of  portable  electric  drills  are  classi- 
fied by  the  maximum  ^size  straight  shank  drill 
it  will  hold.  That  isf,  a  1/4  inch  electric,  drill 
will  hold  a  straight  shank  drill  up  to  and  in- 
cluding 1/4  inch.  .-         .  ,  - 

^The  revolutions  per  minute  (rpm)  and  power 
the  drill  will  deliver  are  most  important  when 
choosing  a  drill  for  a  job.  You  will  find  that  the 
speed  of  the  drill  motor  decreases  with  an  in- 
crease in  size,  primarily  because  the  larger 
unit^are  designed^  to  turn  larger  cutting  tools 
or  ta  drill- in  heavy  materials,  and  both  these 
factors.require  slower  speed. 

If  you  are  going  to  do  .heavy  .work,  such  as 
drilling  in'  masonry  or  steel,  then  you  would 
probably  need  to  use  a  drill  with  a  3/8  or  1/2 
inch  capacity.  If  most  of  your  drilling  will  be 
forming  holes  in  wood  or  small  holes  in  sheet 
metal,  then  a  1/4-inth  drill  will  probably  be 
adequate.  . 

Th!^  chuck  is  the  clamping  device  into  which  , 
the  drill  is  inserted.  Nearly  ail  electric  drills 
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SPINDLE 
OF  DRILL 


REMOVABLE 
CHUCK  KEY 


JAWS 


44.46 

Figure  2-5.— Three  jaw  chuck 


and  chuck  key. 


.  44.49X 

Figure  2- 6.— Portable  electric  sander. 


are  equipped  with  a-  three- jaw  chuck.  Some  of 
the'  drill  motors  have  a  hand-type  chuck  that 
you  tighten  or  loosen  by  hand  but  most,  of  the 
drills  used  in.the  Navy  have  gear-type,  three- 
jaW  chucks  which  are  tightened' and  loosened  by 
means  of  a  chuck  key,  shown  in  figure  3-5.  Do, 
not  apply  further  pressure  with  plisrs  or 
wrenches  after  you  hand  tighten  the  chuck  with 
the  chuck  key.  • 

Always  remove  the  key  IMMEDIATELY  after 
\- you  use  it. \ Otherwise  the  key  will  fly  loose 

'  when  the  dri\i  motor  is  started  and  may.cause 
serious  injury* to  you  or  one  of  your  shipmates. 
The  chuck  key  is  generally  taped  on  the  cord  of 
the  drill;  but  if  it  is  not,  make  sure  you  put  it 

:  in  a  safe  place  where  it  will  not  get  lost. 

\   ~A11  portable  electric  drills  used  in  the  Navy 

\have  controls  similar  to  the  ones  shown  .on  the 
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Figure  2-7.— Portable  belt  sander. 


1/4-inch  drill  in  figure  2-4.  This  drill  has  a 
momentary  contact  trigger  switch  located  in  the 
handle.  The  switch  is  squeezed  to  start  the 
electric  drill  and  released  to  stop  it. 
.  The  trigger  latch  is  a  button  in  the  bottom  of 
the  drill  handle.  It  is  pushed  in,  while  the 
switch  trigger  is  held  down,  to  lock  the  trigger- 
switch  in  the  "ON"  position.  The  trigger  latch 
lis  released  by  squeezing  and  then  Releasing  the 
.switch  trigger.  • 

■ SANDERS 

c  , 

Portable  sanders  are  tools  designed  to  hold 
and  operate  abrasives  for  sanding  »wood,  plas- 
tics and  metals.  The  most  common  types  found 
in  the  Navy  are  the  DISK,  BELT, and  RECIP- 
ROCATING ORBITAL  sanders. 

Disk  Sander 

Electric  disk  sanders  (fig.  2-6)  are  espe- 
cially useful  on  work  where  a  large  amount  of 
material  is  to  be  removed  quickly  such  as  scal- 
ing surfaces  In  preparation  for  painting.  This 
machine,  however ,  must  not  be  used  where  a 
mirror  smooth  finish  is  required. 

The  disk  should  be  hriveci  smoothly  and 
lightly  over  the  surface.  Never  allow  the  disk 
to  stay  in  one  plava  too  long  because  it  will  cut 
into  the  metal  and  leave  a  large  depression. 
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Figure  2*8.-Orbital  sander. 
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Belt  Sander 

The  belt  sander  (fig.  2-7)  is  commonly  used 
for  surfacing  lumber  used  for  interior  trim, 
furniture,  or  cabinets.  Wood  floors  are  almost 
always  made  ready  for  final  finishing  by  using 
a  belt  sander.  Whereas  these  types  of  sanding 
operations  were  once  laborious  and  time* 
consuming,  it  is  now  possible  to  perform  the 
operations  quickly  and  accurately  with  less 
effort. 

The  portable  belt  sanders  use  endless  sand- 
ing belts  that  can  be  obtained  in  many  different 
grades  (grits).  The  belts  are  usually  2,  3,  or  4 
inches  wide  and  can  be  easily  changed  when  they 
become  worn  or  when  you  want  to  use  a  differ- 
ent grade  of  sanding  paper. 

The  first  thing  to  do  when  preparing  to  use 
the  sander  is  to  be  sure  that  the  object  to  be 
sanded  is  firmly  secured.  _ Then,  after  the 
motor  has  been  started  verify, that  trie  belt  is 
tracking  on  center.  Any  adjustment  to  make  it 
track  centrally  is  usually  made  by  aligning 
screws. 

The  moving  belt  is  then  placed  on  the  sur- 
face of  the  object  to  be  sanded  with  the  rear 
part  of  the  belt  touching  first.  The  machine  is 
then  leveled  as  it  is  moved  forward.  When  you 
use  the  sander,  don't  press  down  or  "ride"  it, 
because  the  weight  of  the  machine  exerts  enough 
pressure  for  proper   cutting.  (Excessive 


"  \ 

pressure  also\causes  the  abrasive  belt  to  clog 
and  the  motor  to  overheat).  Adjust  the  machine 
over  thfe  surface  with  overlapping  strokes,  al- 
ways in W  direction  parallel  to  the  grain. 

By  working  over,  a  fairly  wide,  area,  and 
avoiding  any  machine  tilting  or  pausing  in  any 
one^  spot, .an  even  surface  will  result.  Upon 
completion  of  the  sanding  process,  lift  the  ma- 
chine off  the  work  and  then  stop  the  motor. 

Some  types  of  sanders  are  provided  with  a 
bag  that  takes  up  the  dust  that  is  produced.  Use 
it  if  available. 

Orbital  Sander 

\  The*  orbital  sander-(fig.  2-8)  is  so  named  be- 
cause of  the  action  of  the  sanding  pad.  The  pad 
moves  in  a  tiny  orbit,  with  a  motion  ,  that  is 
hardly  discernible,  so  that  it  actually  sands  in 

,  all  directions.  This>motion  is  so  small  Wd  so 
fast  that,  with  fine  paper  mounted  on  the  pad,  it 
is  nearly  impossible  to  see  any  scratches  on 
the  finished  surface.       ,  '  *:„'\, 

The*pad,  around  which,the  abrasive  sheet  is 
wrapped,  usually  extends  beyond  the  frame  of 
the  machine  so  it  is  possible  to  work  in  tight 
corners  and  against  vertical  surfaces. 

Some  models  of  the  orbital  sanders  have  a 

.  bag  attached  to  catch  all  dust  that  is  made  from 
the  sandingi  operation.  Orbital  sanders  (pad 
sanders)  do\not  rerifove  as  much  material  as 
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Figure  2-9.— Portable  grinder. 


list  as  the  belt  sander  or  disk  sander  but  do  a 
better  job  on  smoothing  a  surface  for  finishing.  . 
If  both  a  belt  or  disk  sander  and  an  orbital 
sander  are  available  you  should  use  the  belt  or 
disk  sander  for  rough,  preliminary  work  and  the 
orbital  sander  for.  finishing.  The  sandpaper 
used  on  the  sander  may  be  cut  to^size  Irom  a 
bulk  sheet  of  paper  or  may  be  available  in  the 
correct  size  for  the- sander  you  have.  The  paper 
is  wrapped  around  a  pad  on  the  sander  and  is 
fastened  to  the  pad  by  means  of  levers  on  the 
front  and  rear  of  the  sander.  The  lever  action 
fasteners,. make  changing  the  pajper  easy  and  t 
quick. 

PORTABLE  GRINDERS 

'  Portable  grinders  are  power  tools  4hat_.are~~ 
used  for  rough  grinding  and~~firiTshlng  of  metal- 
lic surfaces.  They  are  made  in  cevcral  sizes; 
however,  the  .one  used  most  in  the  Navy  uses  a 
•grinding  wheel  with  a  maximum  diametfer  of  6 
-inches.  (See  fig.  2-9.) 

The  abrasive  wheels  are  easily  replaceable 
so  that  different- grain  size  and  grades  of 
abWsives  can  bef  used  for  the  varying  types  of 
surfaces  to  be  ground  and  the  different  degrees 
of  finish  desired. 

A  flexible  shaft  attachment  is  available  for 
most  portable  grinders.'  This  shaft  is  attached 
by  removing  the  grinding  whefil  then  attaching 
the  ishfcft  to  the  grinding  wheel  drive  spindle* 
The  frinding  wheel  can  then  be  attached  to  the 
end  of  the  flexible  ahafr*  This  attachment  is  in- 
valuable for  grinding  surfaces  in  hard  to  reaefc 
places* 
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Figure  2-10.— Portable  electric 
circular  saw.  ^ 

The  wheel  g'iard  on  the  grinder  should  be 
positioned  so  that  abrasive  dust  and  metal 
particles  will  be  deflected  away  from  your  face. 

Before  you  turn  the  grinder  on,  make  sure 
the  abrasive  grinding  wheel  Is  properly  secured 
to  the  grinder  spindle  » and  not  cracked  or 
damaged.  c 

^PORTABLE  CIRCULAR  SAW 

The  portable  circular  saw  is  becoming  more 
,  and  more  popular  as  a  woodworking  tool  be- 
cause, of  the  tiirie  and  labor  It  saves,  the  pre- 
cision with  which  it  works,  and  its  ease  of  han- 
dling and  maneuverability. 

Because  of  the^  many  types  of  portable  cir- 
cular saws  in  the  Navy  supply  system,  and  the 
changes.being  made  in  the  design  of  these  saws, 
only  general  informatiojn  will  be  given  in  this 
section.  Information  concerning  a  particular 
saw  can  be  foupd  by  checking  the  manufacturer's 
manual.  f 

The  sizes  of  portable  electric  saws  range 
from  one-sixth  horsepower  with  a  4-inch  blade 
to  one-and-one  half  horsepower  with  a  14- inch 
blade.  They  are  so  constructed  that  they  may 
be  used  as  a  carpenter's  handsaw,  both  at  the 
job  site  or  on  a  bench  in  the  woodworking  shop. 
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The  portable  electric  saw  (fig.  2-10)  is 
"started  by  pressing  a  trigger  inserted  in  the 
handle  and  stopped  by  releasing  it.  The  saw 
will  run  only  when  the  trigger  is  held. 

Most  saws  may  be  adjusted  for  cross- 
•  cutting  or  for  ripping.*  The  ripsaw  guide  shown 
in  figure  2-10  is  adjusted  by  the  two  small 
knurled  nuts  at  the  base  of  the  saw.  When  the 
guide  is  inserted  in  the  rip  guide  slot  to  the  de- 
sired dimensions,  the  nuts  are  then  tightened  to 
hold  it  firmly  in  place. 

In  crosscutting,  a  guideline  is  generally 
marked  across  the  board  to  be  cut.  Place  the 
front  of  .the  saw  base  on  the  {work  so  that  the 
guide  mark  on  the  front  plate  and  the  guide  line 
on  the  work  are  aligned.  Be  sure  the  blade  is 
clear  of  the  work.  Start  the  saw  and  allow  the 
cutting  blade  to  attain  full  speed*  Then  advance 
the  saw,  keeping  the  gu^de  mark  and  guide  line 
aligned,  «f  the  saw  stalls,  back  the  saw  out. 
1DONOT  RELEASE  the  starting  trigger.  When, 
the  saw  resumes  cutting  speed,  start  cutting 
again.  1 

Additional  adjustments  include  a  depth  knob 
and  a  bevel* thumbscrew.  The  depth  of  the  cut 
is  regulated  by- adjusting  the' depth  knob.  The 
bevel  adjusting  thumbscrew  is  used  for  adjust- 
ing the  angle  of  the  cut.  Thi.s  permits  the  base 
to  be  tilted  in  relation  to  the  saw."  The  gradu- 
ated scale  marked  in  degrees  on  the  quadrant 
(fig.  2-10)  enables  the  operator  to  measure  his* 
adjustments  and  angles  oLcut. 

The  bottom  plate  of  the  saw  js  wide  enough 
to  provide  the  saw  with  a  firm  support  on  the 
lumber  being  cut.  The  blahe  of  the  saiw  is  pro- 
tected by  a  spring  guarq-  which  opens  when 
lumber  is  being  cut  but  snaps  back  into  place 
when  the  cut  is  finished.  Many  different  saw 
blades  may  be  "placed  on  the  machine  for  special 
kinds  of  sawing.  By  changing  blades  almost  any 
building  material  from  slate  and  corrugated 
metal  sheets  to  fiberglass  'can  be  cut.  ~ 

To  change  saw  blades,  first  disconnect  the 
power.  Remove  the  blade  by  taking  off  the  saw 
clamp  screw \and  flange,  using  the  wrench  pro- 
vided for,  thip  purpose.  Attach  the  new  saw 
blade  making  certain  the  teeth, are  in  the  proper 
cutting  .direction  (pointing  upward  toward  the 
front  ol^the  saw),  arid  tighten  the  flange  and 
clamp  screw  with  the  wrench. 

CAUTION:  Do  not  put  the  saw  blade  on  back- 
wards; most  blades  have  instructions  stamped 
on  them  with  the  Words  'This  Side-Out." 

THE  PORTABLE  ELECTRIC  SAW  IS  ONE 
OF  THE  MOST  DANGEROUS  POWER  TOOLS 
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Figure  2-11.— Saber  or  bayonet 
saw  operations. 


IN  EXISTENCE  WHEN  IT  IS  NOT  .PROPERLY 
USED.  Make  sure  the  board  you°at*e  sawing  is 
properly  secured  so  it  will  not  siip  or  turn. 
After  making  a  cut  be  sure  the  saw  blade  has 
come  to  a  standstill  before  laying  the  saw  down. 
-  When  using  an  electric  saw  remember  that 
all  the  blade  you  can  normally  see  is  covered; 
the  portion  of  the  blade  that  projects  under  the 
board  being  cut  is  not  covered.  The  exposed 
teeth  under  , the  work  are  dangerous  and  can 
cause  serious  injury  if  any  part  of  your  body, 
should  come  into  contact  with  them.  \ 
Make  sure  the  blade  of  a  portable  circular) 
saw  is  kept  sharp  at  all  times.  The  saw  blade 
will  junction  most  efficiently  when  the  rate  of 
feed  matches  the  blade's  capacity  to  cut.  You 
will  not  have  to  figure  this  out— you  will  be  able 
to  feel  it.  With  a  little  practice  you  will  know 
when  the  cut  is  smooth  and  you  will  know  when 
you  are  forcing  it.  Let  the  blade  do  its  own 
cutting.  The  tool  will  last  longer  and  you  will 
work  easier  because  it  is  less  fatiguing. 
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Figure  2-^2.— Reversible  electric  impact  wrench. 
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SABER  SAW 


J. 


The  saber  saw  (fig.  2-11)  is  a  power  driven 
jigsaw  that  will  let  you  cut*  smooth  and  decora- 
tive curves  in  wood  and  light  metal.  Most 
saber  saws  are  light  duty  machines  and  are  %iot 
designed  for  extremely  fast  cutting.  ;  |* 

,  There  "are  several  different  blades  designed 
to  operate  in  the  saber  saw  and, they  are  easily 
interchangeable.  For  fast  cutting  of  wood,  a 
.  blade  with  coarse  teeth  may  fye  used.  A  blade 
| with  fine  teeth  is  designed  - for  cutting  metal. 
•    The  best  way  to  learn  how  ttf  handle  this  type 
v  of  tool  is  to  use  it.  Before  trying  to  do  a  fin- 
ished job  with  the  saber  saw,  clamp  down  a 
piece  of  scrap  plywood  and  draw  some  curved 
as  w^U  as  straight  lines  to  follow.  You  will  de- 
velop\your  own  way  of,  gripping  the  tool,  and 
this  will  be  affected  sonipwhat  by  the  particular 
tool  you  arfe  using.  On, some  tools,  for  exam- 
ple, you  will  findc  guidiiig  easier  if  you  apply 
some  downward  pressure  on  the  todl  as  you 
move  it  forward.  If  you  are  not  firm  with  your 
grip,  the  tool  will  tend  to  vibrate  excessively 
and  this  will  roughen  the  cut.^  too  a    force  the 


cutting y faster  than  the  design  of  the  blade  al- 
lows or  you  will- break  the*blade. 

ELECTRIC  IMPACT  WRENCH 

The  electriCoimpact  wrench  (fig.  2-12)  is  a 
portable  hand- type  reversible  wrench.  The  one 
shown  has  a  1/2- inch  square  Impact  driving 
anvil  over  which  l/2-inch  square.drive  sockets 
can  be  fitted.  Wrenches  also  can  be  obtained 
that  have  impact  driving  anvils^  ranging  from 
3/8\inch  to  1  inch.  The  driving  anvils  are  not 
interchangeably,  however,  from  one  wrench  to 
another.  * 

The  electric  wrench  with  its  accompanying 
equipment  is  primarily  intended  for  applying 
,  and  removing  nuts,  bolts,  and  screws.  It  may 
also  be  .used  to  drill  and  tap  metal,  wood,  plas- 
\  tics,  etc.,  and^.drive  ami  remove  socket-head, 
\  Phillips-head,  or  slotted-head  wood,  machine, 
or0self-tapping  screws.  * 
Before  you  use  an  electric  impact  wrench 
depress  the  onrand-off  trigger  switch  and  allow 
the  electric  wrench  to  operate  a  few  seconds, 
noting  carefidly  the  direction  of  rotation. 
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Figure  2-13.— Pneumatic  chipping  hammer. 
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Release  the  trigger  switch  to  stop  the  wrench. 
Turn  the  reversing ^ring  located  at  the  rear  of 
the  tool;  it  should  move  easilylinjone  direction 
(which  is  determined  by  the  current  direction  of 
rotation).  Depress  the  on-and-off  trigger  again 
to  start  the  electric  wrench.  The  direction  of 
rotation  should  now  be  reversed.  Continue  to 
operate  for  a  few  seconds  in  each  direction  to 
be  sure  that  the  wrench  and  its  reversible  fea- 
tures are  functioning  correctly.  When  you  are 
sure  the  wrench  operates  properly,  place  the 
suitable  equipment  on  the  impact  driving  anvil 
and  go  ahead  with  the  job  at  hand/ 

VoitTABLE  PNEUMATIC 
\  .    POWER  TOOLS  \ 

Portable  pneumatic  power  tools  are  tools 
that  look  much  the  same  as  electric  power  topis 
but  use  the  energy  of  compressed  air  instead  of 
electricity.  Because  of  the  limited  outlets  for 
compressed  air  aboard  ship  and  shore  stations, 
the  use  of  pneumatic  power  tools  is  not  as  wide- 
spread as  electric  tools.  Portable  pneumatic 
tools  are  used  most  around  a  shop  where  com- 
pressed air  outlets  are  readily  accessible. 


\ 


•  \ 


SAFETY 

In  operating  or  maintaining  air-driven  tools, 
take  the  following  precautionary  measures  to 
protect  yourself  and  others  from  the  damajging 
effects  of  compressed  air.  \ 

•  Inspect  the  air  hose  for  cracks  or  other 
defects;  replace  the  hose  if  found  defective. 

•  Before  connecting  an  air  hose  to  the  com- 
pressed air  outlet,  open  the  control  valve  mo- 
mentarily. Then,  make  sure  the  hose  is  clear 

"of  water  .and  other  foreign  material  by  connect;- 
ing  it  to  the  outlet  and  again  opening  the  valve 
momentarily. 

CAUTION:  Before  opening  the  control  valve, 
see  that  nearby  personnel  are  not  in  the  path  of 
the  air  flow.  Never  point  the  hose  at  another 
person. 

•  Stop  tlie  flow  of  air  to  .a  pneumatic  tool  by 
closing  the  control  valve  at  the  compressed  air 
outlet  before  connecting,  disconnecting,  adjust- 
ing, or  repairing  a  pneumatic  tool. 
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Figure  2-14.-Needle  impact  scaler. 
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Figure  2-15.— Rotary  impact  scaler. 


^NEUMATIC^  CHIPPING  HAMMER 

The  pneumatic  chipping  hammer  (fig-  2-13) 
consists  basically  of  a,  steel  piston  which  is 
reciprocated  (moved  backward  and  forward  al- 
ternately) in\a  steel  barrel  by  compressed  air. 
On  its  forward  stroke  the  piston  strikes  the  end 
of  the  chisel,  which  is  a  sliding  fit  in  a  .nozzle 
pressed  into  the  barrel.  Thje  rearward  stroke 
is  cushioned  by  compressed  air  to  prevent  any 
metal-to-metal  contact.  Reciprocation  of  the 
piston  is  automatically  controlled  by  a  valve  lo- 
cated on  the  rear  end  of  the  barrel.  Located  on 
the  rear  lend  of  the  barrel  is  a  grip  handle,  con- 
taining a  throttle  valve.  \ 
-  The  throttle  valve  Us  actuated     a  throttle 
lever  which  protrudes*  from  the  upper  rear  of 
the  grip  handle  for  thumb  operation.  Projecting 
fronFthe  butt  of  the  handle  is  an  air  inlet.  Th^ 
handle  is  tiireaded  onto  the  barrel  and  is  pre-* 


exhaust  deflector.  This  deflector"  may  be  lo- 
cated in  any  of  four  positions  aroUnd  the  barrel 
in  order  to  throw  the  stream  of, exhaust  air  in 
the  desired  direction.*  - 

The  pneumatic  hammer  may  be  used  for 
beveling,  calking  or  beading  operations,  arid  for 
drilling  in  brick,  concrete,  and  other  masonry. 

Chipping  hammers  should  ,  not  be  operated 
without  safety  goggles  and  all  other  persons  in 
the  immediate  vicinity  of  the  work  should  wear 
goggles.  1 

While  working  never  point  the  chipping  ham- 
mer in  such  a  direction  "that  *  other  personnel 
■  might  be  struck  by  an  accidentally  ejected  tool. 
When  chipping  alloy  steel  or  doing  other  heavy 
work,  it  is  helpful  to  dip  ttfe  tool  in  engine  lu- 
bricating'oil  about  every  6  inches  of  the  cut  and 
make  sure  the  cutting  edge  of  the  tool  is  sharp 
and  clean.  This  will  allow  faster  and  easier 
cutting  and  will  reduce  the  possibility  of  the 
■tool  breaking. 

When  nearing  the  end  of  a  xut,  ease  off  on 
the  throttle  lever  to  reduce  theUntensity  of  the 
blows.  This  will  avoid  any  possibility  of  the 
chip  or  tool. flying.  * 
If  for  any  reason  you  have  to  lay  the  chipping! 
hammer  down,- always  remove  .the  attachment^ 
tool  from  the  nozzle.*  Should  the  chipping  ham- 
mer \be  accidentally  started  when  the  tool  is 
free,\the  blow  of  the  piston  will  driveWhe  tool 
out  oi  the  nozzle  with  great  force  and  may  dam- 
age equipment  or  injure  personnel. 


vented  fronT  unscrewing  by  a  locking  ring.  Sur 
rounding  and  retaining  the  aocking^  ring  Is  an 


NEEDLE  AND  ROTARY 
IMPACT  SCALERS 


Needle  and  rotary  scalers  (figs;  2-14  and 
2-15)  are  used  to  remove  rust'*  scale,  and  bid 
paint  from  metallic  and  masonry  surfaces.  You 
must  be  especially  careful  when  using  these 
tools  lince  they  will  "chew"  up  anything  in  their 
path.  Avoid  getting  the  power  line  or  any  part 
of  your  body^in  their  way. 
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Figure  2-16.-Needle  scaler  operations. 
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Needle  scalers  accomplish  their  task  with  an 
assembly  of  individual  needles  impacting  on  a 
surface  hundreds  of  times  a  minute.  The  ad- 
vantage of  using  individual  needles  is  that  ir- 
regular surfaces  can  be  cleaned  readily.  See 
the  operations  and  how  the  needle  scaler  self- 
adjusts  to  the  contour  of  various  surfaces  in 
figure  2-18. 

The  rotary  scaling  and  chipping  tool,  some- 
times called  a  "jitterbug,"  has  a  bundle  of  cut- 
ters or  chippers  for-  scaling  or  chipping  (fig. 
2-15).  In  use,  the  tool  is  pushed  along  the  sur- 
face to  be  scaled  and  the  routing  chippers  do 
the  work.  Replacement  bundles  of  cutters  are 
available  when  the  old  ones  are  worn.  * 

BE  SURE  YOU  ARE  NOT  DAYDREAMING 
when  you  use  the  rotary  scaler. 


PORTABLE  PNEUMATIC 
IMPACT  WRENCH 


\ 


The  portable  pneumatic  impact  wrench  (fig.. 
2-17)  is  designed  for  installing  or  removing 
nuts  and  bolts.  The  wrench  comes  in  different 
sizes  and  is  classified  by  the  size  of  thtfi square 
anvil  on  the  drive  end.  The  anvil  is  equipped 
with  a  .socket  lock  which  provides  positive 


locking  of  the  socket  wrenches  .or  attachments. 
The  wrench  has  a  built-in  oil  reservoir  and  an 
adjustable  air  valve  regulator  which  adjusts  the 
torque  output  of  the  wrench.  The  torque  regula- 
tor reduces  the  possibility  of.  sharing  or  dam- 
aging threads  when  installing  nuts  'and  bolts  to 
their  required  tension.  ' 

Nearly  ail  pneumatic  wrenches  operate  most 
efficiently  on  an  air  pressure  range  of  80  to  90 
psi.  A  variation  in  excess  of  plus  or  minus  5 
pounds  is  serious.  Lower,  pressure  causes  a 
decrease  in  the  driving  speeds  while  higher 
pressure  causes  the  wrench  to  overspeed  with 
subsequent  abnormal  wear  of  th&  motor  impact 
mechanisms.  .  .  \ 

The  throttle  lever  located  at  the  rear  of  the 
pneumatic  wrench  provides  the  means  for  start- 
ing and  stopping  the  wrench.  Depressing  the 
throttle  lever  starts  the  wrench,  in  operation. 
Upon  release,  the  lever  raises  to  its  original 
position  stopping  the  wrench. 

The  valve  stem  <s  seated  beneath  the  pivot 
end  of  the  throttle  lever.  Most  wrenches  have 
a  window  cut  in  the  throttle  lever  so  that  the 
markings  on  the  upper  surface  of  the  valve 
stem  will  be  visible.  Two 'letters,  "F"  and 
"R,"  have  been  engraved  oil  the  head  of  the 
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Figure  2-/17.-Portable  pneumatic  impact  wrench. 


valvA  stem  to  indicate  the  forward  (clockwise) 
and  ieverse  (counterclockwise)  rotation  of  the 
anvil.  To  change  from  Jorwkrd  to  reverse  ro- 
tation, or  vipe  versa,\turn  the  valve  stem  180° 
until  the  desired  marking  is  visible  through  the 
window  in  the  throttle  lever.  When  the  valve 
stem  is  in  proper  position,  the  valve  stem  pin- 
engages  a  recess  on  the  under  side  of  the  valve 
stem, preventing  accidental  turning  of  the  stem.; 

The  air  valve  regulator  is  located  at  the  bot-  ' 
torn  and  towards  the  rear  of  the  wrench.  Using 
a  screwdriver  and  altering  the  setting  of  the  air 
regulator  up  to  90%  either  to  the  righ't  or  left, 
„ reduces  the  torque  from  full  power  to  zero 
power. 

Before  operating  the  pneumatic  impact 
wrench  make  sure  the  socket  "or  other  attach- 
ment you  are  using  is  properly  secured  to  the 
anvil.  It  is  always  .a  good  idea  to  operate  the 
wrench  free  of  load  in  both  forward  and  re- 
verse directions  to  see  that  'it  operates  prop- 
erly* Check  thfe  installation  of  the  air  hose  ttf 


\ 


make  .sure  it  is  in  accordance  with  the  manu- 
facturer's recommendation. 

(^OMMON  POU^jER  MACHINE  TOOLS  ' 

Small  power  machine  tools- are,  generally 
Speaking,  not  portable.  All  work  that  is  to  he 
done  must  be  brought  to  the  shop  where 'the 
machine  is  set  up.  Only  the  most  common  types 
of  power  machine  tools  will  be  discussed  in  this 
chapter.  The  drill  press  and  the  bench  grinder 
may  be  found  in  several  shops  aboard  ship  or 
on  shore  stations.  Theyate  tools  that  are  not 
confined  to  operation  by  men  of  any  one  .par- 
ticular rating  but  may  be  used  by  men  of  sev-  . 
eral  ratings.  ^ 

DRILL  PRESS 

Jhe  drill  press  (fig.  2-18)  is 'an  electrically 
operated  ix>wer  ngachine  that  was  originally  de- 
signed as  a  met^l-working  tool.  Available 
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Figure  2-18.-Drill  press^  4.29 


\accessortes,  plus  ji^and -special  techniques, 
now__  make-it  a  versatile  wood-workirfg  tool  a? 
well.  -  \         t  _  V  . 

types  of  drill  presses 


There  are  two  basic 
used  in  .the  Navy;  , the  bench-type  and*  1th* 
upright-type.  These  are  tjasically  the  same, 
the  difference  being  in  the  mounting.  As1  the 
names  suggest,  the  bench-type  drill-  press  Is 
mounted  on  a\  work  bench  and  the  upright-type 
drill  press  is  mounted-  on  a  pedestal  on  the 
floor. 

'  Drill  presses  are  manufactured  in  a  number, 
of  sizes.  Only  the'  small  size  drill  press  will 
be  discussed  in  this  text.  The  drill  presses 
most  commonly  found*  in  shops  in  the  Navy  have 
a  capacity  to  drill  holes  in  metal  up  to  1  inch4  in 

■  •  •    \  r 
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size 


*  bracket  at  the 
and  designed  to 
desired  spindle 
motor  from  its 


diameter.  The/ driving  motors  range  in 
from  1/3  hp  to  3  hp. 

°The  motor  is  mounted  to 
rear  of  the  head  assembly 
permit  V-belt  changing  for 
speed  without  removing  the 
mounting  bracket.  Four  spindle  speeds  are 
obtained  by  locating  the  V-belt  on  any  one  of 
the  four  steps  of  the  spindle-driven  and  motor- 
■  driven  pulleys.  * 

The  controls  of  drill  presses  are  all  similar. 
The  terras  fright"  and  'left"  are  relative  to  tlte 
operator's  position  standing  in  front  of  and 
facing  the  drill  press.  Forward*  applies  to 
movement  toward  the  operator.  Rearward  ap- 
plies to.  movement  away  from  the  operator. 

The  ppwet  switch-  (fig.  2-19)  is  located  on 
the  right  side  of  the  head  assembly.  The  power 
cord  is  pliced  ^n  the  pow*r  receptacle  and  the 
motor  started  by  placing  tne  switcji  in1  the  "ON" 
position.     '  • 

The  spindle  and  quill  feed  handle  (fig.  2-19) 
is  located  on  the  lower  right- front  side  of  the 
head  assembly.  Pulling  forward  and  down  on 
any  one  of  the  Uhree  spindle  and  quill  feed 
handles,  which  point  upwdrd  at  the  time,  moves 
the  spindle  and  quill  assembly  downward.  Re- 
lease the  feed  handle  and  the  spindle  and  quill 
assembly  will  return  to  the  retracted  or  upper 
position  by  spring  action.  *  * 

The  quill  lock  handle  (fig.  2-20)  enables  the 
drill  press  to  be  used  as  a  milling  ,tool  and  is 
located  at  the  lower  left-front  side  W  the  head 
assembly.  Turn  the  quill  lock  handle  clock-; 
wise  to  lock  the  quill  at  a  desired  operating 
position.  Release  thexjuill  by  turning Jhe  qutlT 
lock  handle  counierclockwiser^"However,  in 
jnost  caiesrthe  quill  lock  handle  will  be  in  the 
released'  position. 

The  head  iock  handle  (fig.  2-20)  is  located  at 
the  left-rear  side  of  the 'head  assembly.  Turn 
the  head  lock  handle  clockwise  to  lock  the  head 
assembly  at  a"  desired  "  vertical  hetjght  on  the 
bench  column.  Turn  the  deadlock  handle  coun- 
terclockwise to  release  the  head  assembly. 
When  operating  the  drill  press,  the  head  lock 
handle  mustvbe  tight  at  all  timds.  \  - 

The  hea4  collar  support  lock  handle  (fig. 
2-19)  is  located  at  %the  right  side  of  the  head 
CQllar  support  and  below  the  head  assembly. 
The  handle  locks  the  head  collar  support,  which 
secures  the  head  vertically  on  the  bench  col- 
umn, and  prevents  the  head  from  dropping  when 
the  head  lock  handle  is  released.  T^jn  the  head 
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2-'19.?-Drill  press  controls-right  side  view. 


4.29' 


cpllar  support  lock  handle  clockwise  to  lock 
the  support  to  the  bench  column  and  counter- 
clockwise to  release  the.  ^upport.  When  op- 
erating the  drill  press,  the  head  collar  support 
lock  handle  must  be  tight  at  air  times*      *  \ 

The  tilting  table  lock  handle  (fig.  2-19)  is 
located  at  the  left-rear  side  of  the  tiltingtable 
bracket.  Turn  the  tilting  table  lock  handle 
counterclockwise  *to  release  the  tilting  table 1 
bracket  so'  it  can  be  moved,  iip  and  down  or 
around  the  bench  column.  Lock  the  tilting  table 
assembly  "at  desired  height  by  tuxning  the  lock, 
handle  clockwise.  When  operating  the  dfill 
pte'ss^,  the  tilting 'table  lock  handle  must  be 
tight  at  all  times.  ,  ;  ' 

The  tilting  table  lockpin  (S,  fig.  2-21)  is  lo- 
cated below  the  tilting  table  assembly  (T,  fig. 
2-21).  The  lofikpin  secures  the  Ubleat  a  hori- 
zontal or  45*  left  or  right  from  the  horizontal 
tposition.vTo  tilt  the  table  left  6r  right  from  its 
horizontal  position,  *emave  th'elockpin  and  turn 
the  tablet  to  align  the  lockpin  holes.  Insert  the 
lockpin  through  the  ctable  and  bracket  holes 
after  desired  position  is  Qbtained/ 


The  depth  gage  rod  adjusting  and  locknuts 
(BB  and  CC,  fig.  2-21)  are  located  6n  the  depth 
gage  rod  (Z,  fig.  2-21).  The  purpose  oi  the 
adjusting  and  locknuts  is  to  regulate  depth  drill- 
ing. Turn  the  .adjusting  and  locknut  clockwise  . 
to.decrease  the  downward  travel  of  the  spindle. 
The  locknut  must  be  secured  against  the  adjust- 
ing nut  when  operating  the  drill  press. 

When  operating^  drill  press  make  sure  the 
drill  improperly  secured^ in, the- chuck  and  that 
the  work  you  are  drilling  is  properly  secured  in 
position.  Do  not;  remove  the  work  from  the 
Hitting  table  or  mounting  device  until  the  drill- 
press  has  stopped.     4  •  + 

?  Operate  the  spindle  and  quill  and  feed  han- 
*dles  with  £  slow,  steady  pressure.  It  »too  much 
pressure  is  applied4,  the^-belt  may  slip  ih  the 
pulieys,~the  twist  drill  may  break,  Sr  the  start- 
ing switch  in  «the  motor  may  open  and  stop  the 
drill  press.  If  the  motor  should  stop  because  of 
overheating,  the  contacts  of  the  starting  switch 
will  rein&in  opeh  long  enough  for  the  motor  to 
cpol,  then  automatically  close  to  resume  normal 
operation.  Always  turn  the  toggle  switcji  To 
"OFF"  position  while  the  motor  is  cooling. 
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Figure  2-20.-DriU  press  controls-left  side  view. 
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pheclc  occasionally  to  make  sure  all  locking 
handles  are  tight,  ancf  that  the  V-belt  is  not 
slipping  and  adjust  as  necessary  in  accordance 
with  the  manufacturer's  manual.  * 

Before -.  operating  any  drill  press,  visually 
inspect  the  drill  press  to  determine  if  all  parts 
are  in  the  proper  place,  secure,  and  in.  good 
operating conditfon.  'Check  all  assemblies, 
such  as  the  motor,  head,  pulleys,  and  bench  for  ' 
loose  mountings! 

While  the  drill  press  is  operating,  be  alert 
for  any,  sounds  that  may  be  signs  of  trouble, 
such  as  squeaks!  or  unusual  noise.  'Report  any 
unusual  or  unsatisfactory  performance  to  the 
petty  officer  in  charge  of  the  shop. 

After  operating  a  drill  press,  wipe  off  all* 
dirt,  oil,  and  metal  particles.  Inspect  the  V- 
belt  to  make  surje  no  metal  chips  are  imbedded 
.in  the  driving  surfaces. 

BENCH  GRINDER  4 

Thes  electric  I  bench  grinder  (fig.  2-22)  is) 
designed  for  hanjd  grinding  operations,  such  as 


sharpening  chisels  or  screw  drivers,  grinding 
drills,  removing  excess  metal  from  work,  and 
smoothing  metal  surfaces,  ft  is  usually  fitted 
with  both  a  medium  grain  and  fine  grain  abra- 
sive wheel;  the  medium  wheel  is  satisfactory 
for.  rough  grinding  where  a  considerable  quan- 
tity, of  metal  has  Ho  be  removed,  or  where  a 
smooth  finish  is  not  important.  For  sharpen-! 
ing  tools  or  grinding  to  close  limits  of  size,  the 
fine  wheel  should  be  used  as  it  removes  metal 
slower,  gives  the  work  a  smooth  finish  and 
does  not  generate  enough  heat  to  anneal  the  cut- 
ting edges.  \     „  \ 

When  a  deep  cut  is  to  be  take$>  on  work  or  a 
considerable  quantity  of  metal  removed,  it  is 
often  practical  to  grind  with  the  medium  wheel/ 
first  and  finish  up  with  the  fine  wheel.  Most 
bench  grinders  are  so  made  that  wire  brushes, 
polishing  wheels,  or  buffing  wheels  can  be  sub- 
stituted for  the  removable  grinding  wheels. 
.  To  protect  the  operator  ^during  the  grinding  - 
operation,  an  eye  shield  and  wheel  guard  are 
provided  for\  eaph  grinding  whtel.  A  tool  rest 
.is  provided  in  front  of  each  wheel  to  rest  and 
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Figure  2-21.— Drill  press  nomenclature. 


SPINDLE  DRIVEN  PULLEY  1 
V-BELT 

MOTOR  DRIVE  PULLEY 

1/8  SQ  x  1  SQ-END  KEY 

NO  10-24  X  5/8  HDLS  SET  SCREW 

MOTOR  BRACKET  STUD  THUMBSCREW 

MOTOR 

MOTOR  J3 AS E  AND  BRACKET  ASSEMBLY 

1/4-20NC  2xl  SQ-NECK  RD-HD  CAR- 
RIAGE BOLT  AND  1/4-20NC-2  Sfi  NUT  ' 
DRILL  CHUCK  KEY  / 

DRILL  CHUCK  KEY  BRACKET 

TOGGLE  SWITCH /PLATE 

HEAD  COLLAR  SUPPORT 

BENCH  COLUMN 

COR£> 

BENCH  BASE 

TILTING  TABLE  LOCKPIN 
TILTING  TABLE  ASSEMBLY 
DEPTH  GAGE  ROD  BRACKET 
HEX  NUT 
DRILL  CHUCK 
CHUCK  KNOCKOUT  COLLAR 
SPINDLE  AND  QUILL  ASSEMBLY 
DEPTH  GAGE  ROD 
HEAD  ASSEMBLY 

DEPTH  GAGE  ROD  ADJUSTING  NUT 
DEPTH  GAGE  ROD  LOCKNUT 
SPINDLE  DRIVEN  PULLEY  GUARD 

4.29 


/ 
/ 


guide  the  work  during  the  grinding  procedure. 
The  rest*  ar*  removable,  if  necessary,  for 
grinding  odd-shaped  or  large  work. 

When  starting  a  grinder,  turn  it  on  and 
stand  to  one  side  until  the  machine  comes  up 
to  full  speed.  There  is  always  a  possibility 
that  a  wfceel  may  fly  to  pieces  when  coming  up 
to  full  speed*  Never  force  work  against  a  cold 
wheel;  apply  work  gradually  to  give  the  wheel 


v 


an  opportunity  to  warm.  You  thereby  minimize 
the  possibility  of  breakage. 

Handle  grinding,  wheels  carefully.  Before 
replacing  a  wheel  always  check  it  for  cracks.1 
Make  sure  that  a  fiber  or  rubber  gasket  is  in 
place  between  each  side  of  the  wheel  and  its  re- 
taining washer.  Tighten  the  spindle  nut  Just 
enough  to  hold  the'  wheel  firmly;  if  the  nut  is 
tightened  too  much  the  clamping  strain  may 
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Figure  2-22  .-Bench  grinder  and  wheeH 

damage  the  wheel.  When  selecting  a  replace- 
ment wheel,  ascertain  that  the  grinder  will  not 


exceed  the  manufacturer's  recommended  speed 
for  the  wheel. 

When  grinding,  always  keep  the  work  moving 
across  the  face  of  the  wheel;  grinding  against 
the  same  spot  on  the  wheel  will  cause  grooves 
to  be  worn  into  the  fece  of  the  wheel.  'Keep 
all  wheel  guards  tight  and  in  place.  Always 
keep  the  tool  rest  adjusted  so  that  ir Just  clears 
the  wheel  and  is  at  or  just  below  the  center  line 
of  the  wheel,  to  prevent  accidental  jamming  of 
work  between  tool  rest  and  wheel. 

Wear  goggles,  even  if  eye  shields  are  at- 
tached to  the  grinder.  Keep  your  thumbs  and 
-fingers  out  ofthe  wheel. 
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CHAPTER  3 


MEASURING  TOOLS 

In  performing  many  jobs  during  your^Navy 
career,  you  will  be  required  to  take  accurate 
measurements  of  materials  and  objects.  It  is 
common  practice  in  the  Navy  to  fabricate  ma- 
terial for  installation  on  a  ship  or  in  the  field. 
For  example,  suppose  you  need  a.box  of  certain 
size  to  fit  a  space  in  a  compartment.  You  would 
have  to  take  measurements  of  the  space  and 
send  them  to  z  shop  where  the  box  would,  be 
built*  This  example  suggests- that  the  mear de- 
ments you  took  and  those  taken  in  the  process 
of  building  the  box  must  be  accurate.  Bow- 
ever,  the  accuracy  of  the  measurements  will  N 

'  depend  on  the  measuring  tools  used  and  one's 
ability  to  use  them  correctly* 

'  Measuring  tools  are  also  used  for  inspecting 
a  finished  product  or  partly  finished  product. 
Inspection  operations  include  testingor  check- 
ing a  piece  of  work  by  comparing  dimensions 
of  the  wbrkpiece  to  the  required  dimensions 

-givenoasuiraaingor  sketch.  Again,  the  meas- 
urements taken  must  be  accurate  and  accuracy^ 
depends  on  one's  ability  to  use  measuring  tools 
correctly.  t 

After  studying  this  chapter,  you  should  be 
able  to  select  the  appropriate  measuring  tool  to 
use  in  doing  a  job  and  be  able  to  operate  prop- 
erly, a  variety  of  measuring  instruments. 

RULES  AMD  TAPES 

There  aire  many  different  types  of  measuring . 
tools  in  use  in  the  Navy.  Where  exact  measure- 
ments are  required,  a  micrometer  .caliper 
<mike)  is  used.  Such  a  caliper,  when  properly 
used,  gives  measurements  to  within  .001  ox  an  ' 
inch  accuracy.  On  the  other  hand,  where  ac- 
curacy is  not  extremely  critical,  the  common 
rule  ortape  will  suffice  for  most  measurements. 

Figure  3-1  shows  some  of  the  types  of  rules 
and  tapes  commonly  used  in  the  Navy.  Of  all 
'  measuring  tools,  the  simplest  and  most  common 
is  the  steel  rule.  This  rule  is  usually  6  or  12 
inches  in  length,  although  other  lengths  are 
available.'  Steel,  rules  maybe  flexible  or  non- 
flexible,  but  the  thinner  the  rule,  the  easier  it 


AND  TECHNIQUES 

is  to  measure  accurately  because  the  division 
marks  are  closer,  to  the  work. 

Generally  a  rule  has  four  sets  of  gradua- 
tions, one  on  each  edge  of  each  side.  The 
longest  lines  represent  the  inch  marks.  On  one 
edge,  each  inch  is  divided  into  8  equal  spaces; 
so  each  space  represents  1/8  in.  The  other 
edge  of  this  side  is  diviled  into  sixteenths.  The 
1/4-in.  and  1/2-in.  marks  are  commonly  made 
longer  than  the  smaller  division  marks  to  fa- 
cilitate counting, but  the  graduations  are  not,  as 
a  rule,  numbered  individually,  as  they  are  suf- 
ficiently far  apart  to  be  couhted  without  diffi- 
culty. The  opposite  side  is  similarly  divided 
into  32  and  64  spaces  per  inch,  and  it  is  com- 
mon practice  to  number  every  fourth  division 
0  for  easier  reading. 

There  are  many  variations  of  .the  common 
rule..  Sometimes  the  graduations  are  on  one 
side  only,  sometimes  a  set  of  graduations  is 
added  across  one  $nd  for  measuring  in  narrow 
_  „  spaces,  and  sometimes  only  the  first  inch  is  di- 
vided-into  64ths,  wiflTtfie~rer^ 
*  vided  into  32nds  and  16ths. 

A  metal  or  wood  folding  rule  may  be  used 
for  measuring  purposes.  These  folding  rules 
are  usually  2  to  6  feet  long.  The  folding  rules 
cannot  be'  relied  on  for  extremely  accurate 
measurements  because  a  certain  amount  of 
play  develops  at  the  joints  after  they  have  been 
„  used  for  a  while. 
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Figure  3-1. —Some  common  types  of  rules. 
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Figuxe  3-2.-Measuring  with  and  reading 
a  common  rule. 


29.124A 

Figure  3-3.-Measuring  the  length 
of  a  bolt  or  screw. 


REAO 
MEASUREMENT 
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Figure  3- 5.- Measuring  the  inside 
diameter  of  a  pipe. 


READ  101/8* 
ACTUAL  C1RGUM. 
101/8-2«81/8w 


Figure  3-4.- Measuring  the  outside 
diameur  of  a  pipe.  ' 


Steel  tapes  are  made  from  6  to  about  300  ft. 
in  length.  The  shorter  lengths  are  frequently 
made  with  a  curved  cross  section  so  that  they 
are  flexible  enough-  to  roll  up;  but  remain  rigid 
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Figure  3-6.-Measuring  the  circum- 
ference of  a  p^pe  with  a  tape. 

^meartnded.  Long,flatJapes  require  support 
over  their  fulFfengto^^ 
natural  sag  will  cause  an  error  in  reading. 

The  fltocibie-rigid  tapes  are  usually  con- 
tained in  metal  cases  into  which  they  wind 
themselves  when  a  button  is  pressed,  or  Into  — 
which  they  can  be  easily  pushed.  A  hook  is  pro- 
vided at  one  end  to  hook  over  the  object  being 
measured  so  one  man  can  handle  it  without  as~ 
sistance.  On  some  models,  the  outside  of  the 
case  can  ,be  used  as  one  end  of  the  tape  when 
measuring  inside  dimensions.  ' 

MEASURING  PROCEDURES 

To  take  a  measurement  with  a  common  rule, 
hold  the  rule  with  its  edge  on  the  surface  of  the 
object  being  measured.  This  will  eliminate 
parallax  and  other  errors  which  might  result 


I647 


ERIC 


(o97 


TOOLS  AND  THEIR  USES  , 


44.26.6 

Figure  3-7.— Using  a  folding  rule  to 
measure  £n  inside  dimension. 


r5i,::j..J..' 
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Figure  3-S.— Measur- 
ing the  thickness  of  - 
stock  through  a 
hole. 
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Figure  3-8  <- Measuring  an  Inside 
dimension  with  a  tape  rule. 

due  to  thi  thickness  of  the  rule.  Read  the  -  meas-  • 
urement  at  the  graduation  which  coincides  with 
the  distance  to  be  measured,  and  state  it  as  be- 
ing so  many  inches  and  fractions  of  an  inch. 
(Fig.  3-2.)  Always}  reduce  fractions  to  their 
lowest  terms,  for  example,  6/8  inch  would  be 
called  3/4  inch.  A  hook  or  eye  at  the  end  of  a 
tape  or  rule  is  normally  part  of  the  first  meas- 
ured inch* 

Bolts  or  Screws 

The  length  of  bolts  or  screws  is  best  meas- 
ured by  holding  them  up  against  a  rigid  rule  or 
tape.  Hold  both  the  bolt  or  -screw  to  be  meas- 
a.ured  and  the  rule  up  to  your  eye  level  so  that 
lyourJinejDf  sighrwUlnot  be  in  error 'in  reading 
the  measurement.  As  shown  in  figure  3^3,  the 
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Figure  3-10.— Measuring  an  outside 
dimension  using  a  tape  rule. 


bolts  or  screws  with  countersink  type  heads  are 
measured  from  the  ,  top  of  the  head  to  the  op- 
posite end,  while  those  with  other  type  heads 
are  measured  from  the  bottom  pf  the  head. 

Outside  Pipe  Diameters 

To  measure  the  outside  diameter  of  a  pipe, 
it  is  best  to  use  some  kind  of  rigid  rule.  A 
folding  wooden  rule  or  a  steel  rule  is  satis- 
factory for  this*  purpose.  As  shown  in  figure 
3-4,  line  up  the  end  of  the  rule  with  one  side  of 
the  pipe,  using  your  thumb  as  a  stop.  Then  with 
the  one  end  held  in  place  with  your  thumb,  swing 
the  rule  through  an  arc  and  take  the  maximum 
reading  at  the  other  side  of  the  pipe.  For  most 
practical  purposes,  the  measurement  obtained 
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Figure  3-ll.-Simple  calipers- noncalibrated. 
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by  using  this  method  is  satisfactory.  &  is  nec- 
essary^ that  you  know  how  to  take  this  measure- 
mefat  as  the  outside  diameter  of  pipe  is  some* 
times  the  only  dimension  given  on  pipe 
specifications. 


Inside  Pipe  Diameters 


To  measure  the  inside  diameter  of  a  pipe 
with  a  rule,  as  shown  in'figure .£-5,  hold  the 
rule  so  that  one  corner  of  the  rule  just  rests 
on  the  inside  of  One  side  of  .  the  pipe.  Then,  with 
one  end  thus  held  in  place,  swing  the  rule 


through  an  arc  and  read  the  diameter  across 
the  maximum  inside  distance.  This  method 
is  satisfactory  for  an  approximate  inside 
measurement. 

Pipe  Circumferences 

To  measure. the  circumference  of  a  pipe,  a 
flexible  type  rule  that  will  conform  to  the  cylin- 
drical shape  of  the  pipe  must  be  used.  A  tape 
rule  or  a  steel  tape  is  adaptable  for  this  job. 
When  measuring  pipe,  make  sure  the  tape  has 
been  wrapped  squarely  around  the  axis  of  the 
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pipe  (i.e.,  measurement  should  be  taken  in  a 
plane  perpendicular  to  the  axis)  to  ensure  that 
the  reading  will  not  be  more  than  the  actual 
circumference  of  the  pipe.  This  is  extremely 
important  when  measuring  large  diameter  pipe. 
Hold  the  rule  or  tape  as  shown  in  figure 
3-6.  Take  the  reading,  using  the  2-inch  gradu- 
ation, for  example,  as  the  reference  point*  In 
this  case  the  correct-  rceading  is  found  by  sub- 
tracting 2  inches  from  the  actual'  reading.  In 
this  way  the  first  2  inches  of  the  tape,  serving 
as  a  handle,  will  enable  you  to  hold  the  tape 
securely* 

Inside  Dimensions 

To  take  an  inside  measurement,  such  as  the 
inside  of  a  box,  a  folding  rule  that  incorporates 
a  6-  or  7-lnch  sliding  extension  is  one  of  the  - 
xlpst  measuring  tools  for  this  job.  To  take  the 
Hpside  measurement,  first  unfold  the  folding 
rule  to  the  approximate  dimension.  Then  ex- 
tend the  end  of  the  rule  and  read  the  length  that 
it  extends,  adding  the  length  of  the  extension  to 
the  lengthen  the  main  body  of,  the  rule.  (Fig. 
3-7.)  In  this  illustration  the  length  of  the  main 
body  of  the  rule  is  13  inches  and  the  extension 
is  pulled  out  3  3/18  inches.  In  this  case  the 
total  inside  dimension  being  measured  is 
18  3/18  inches. 

In  figure  3*8  notice  in  the  circled  insert  that 
the  hook  at  the  end  of  the  particular  rule  sh&wn 
is  attached  to  the  rule  so  that  it  is  free  to  move 
slightly.  When  an  outside  dimension  is  taken  by 
hooking  the  end  of  the  rule  over  an  edge,  the 
hook  will  locate  the  end  of  the  rule  even  with  the 
surface  ffom  which  the  measurement  is  being 
taken.  ;  By  being  free  to  move,  the  hook  will  re- 
tra^away^from  the  end  of  the  rule  when  an  in- 
side dimension  Is  taken.  To  measure  an  inside  . 
dimension  using  a  tape  rule, extend  the  rule  be- 
tween the  surfaces  as  .shown,  take  a  reading  at 
the  point  on  the  scale  where  the  rule  enters  the 
case,  and  add  2  inches.  The  2  inches  are  the 
width  of  the  case.  The  total  is  tin  inside  di- 
mension being  taken. 

To  measure  the  thickness  of  stock  through  a 
hole  with  a  hook  rule,  insert  the  rule 'through 
the  hole,  hold  the  hook  against  one  face  of  the 
stock,  and  read  the  thickness  at  the  other  face. 
(Fig.  3-9.) 

Outside  Dimensions 

To  measure  an  outside  dimension  using  a 
tape  rule,  hook  the  rule -over  the  edge  of  the 


stock.  Pull  the  tape  out  until  it  projects  for 
enough  from  the  case  to  permit  measuring  the 
required  distance.  The  hook  at  the  end  of  the 
rule  is  designed  so  that  it  will  locate  the  end  of 
<\|the  rule  at  the  surface  from  which  the  meas- 
urement is  being  taken.  (Fig.  3-10.)  When  tak- 
ing a  measurement  of  length,  the  tape  is  held 
parallel  to  the  lengthwise  edge.  For  measuring 
widths,  the  tape  should  be  at  right  angles  to  the 
lengthwise  edge.  Read  the  dimension  °of  the  rule 
exactly  at  the  edge  of, the  piece  being  measured. 

It  may  not  always  be  possible  to  hook-the 
end  of  the  tape  over  the  edge  pf  stock  being 
measured.  In  this  case  it  may  be  necessary  to 
butt  the  end  of  the  tape  against  another  surface 
or  to  hold  the  rule  at  a  starting  point  from 
which  a  measurement  is  to  be  taken. 

Distance  Measurements 

Steel  or  fiberglass  tapes  are  generally  used 
for  making  long  measurements.  Secure- the 
hook  end  of  the  tape.  Hold  the  tape  reel  in  £he 
handand  allow  it  to  unwind  while  walking  iivthe 
direction  in  which  the  measurement  is  to  be 
taken.  Stretch  the  tape  with  sufficient  tension 
to  overcome  sagging.  At  the  same  time  make 
sure  the  tape  is  parallel  to  an  edge  or  the  sur- 
face being  measured.  Read  the  graduation  on 
the  tape  by  noting  which  line  on  the  tape  coin- 
cides with  the  measurement  being  taken. 

CARE 

Rules  and  tapes  should  be  handled  carefully 
and  kept  lightly  oiled  to  prevent  rust.  Jtfever 
allow  the  edges  of  meas^ingjdevices_Jo_be^ 
-  come  nicked  by  striking the'm  with  hard  objects.- 
They  should*  preferably  be  kept  in  a  wooden  box 
when  not  in  use. 

<  Toavoid  kinking  tapes ,  pull  themjstraight  out 
from  their  cases-do  not  bend  them  backward. 
With  the  windup  type,  always  turn  the  crank 
clockwise-turning  it  backward  will  kink  or 
break  the  tape.  With  the  spring-wind  type,  guide 
the  tape  by  hand.  If  it  is  allowed  to  snap  back, 
it  may  be  kinked,  twisted;  or  otherwise  dam- 
aged. Do  not  use  the  hook  as  a  stop.  Slow  down 
as  you  reach  the  end. 

-       ' ') 

SIMPLE  CALIPERS 

Simple  calipers  are  used  in  conjunction  with 
a  scale  to  measure  diameters.  The  calipers^ 
most  commonly  used  in  the  Navy  are  shown  in 
figure  3-11. 
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Figure  3-12.-Using  an  outside  caliper. 


■NOiN  £  HOT 


LOCK  JOINT 


Figure  3-I3.-Measuring  the  thickness 
of  the  bottom  of  a  cup* 


Outside  calipers  for  measuring  outside  di- 
ameters are  bow-legged;  those  used  for  inside 
diameters  have  straight  legs  with  the  feet  turned 
outward.  Calipers  are  adjusted  by  pulling  or 
pushing  the  legs  to  open  or  close  them*  Fine 
adjustment  is  made  by  tapping  one  leglightly  on 
ahard  wirface  to  close  them,  or,  by  turning 
mem  uprtdrttowirancHapping  on  the  joint  end 
to  open  them. 

Spring* joint  calipers  have  the  legs  joined  by 
a  rtrong  spring  hinge  and  linked  together  by  a 
.screw  and  adjusting  nut.  For  measuring  cham- 
fered cavities  (grooves),  or  for  use  over 
flanges,  transfer  calipers  are  available.  They 
are  equipped  with  a  sn>all  auxiliary  leaf  at- 
tached to  one  of  the  lege  by  a  screw.  (Fig. 
3- II.)  The  measurement  Is  made  as  with  ordl-* 
nary  calipers;  then  the  leaf  Is  locked  to  the  leg. 


4J7D 


Figure  3*-14.-Measurlng  a  harcWo  reach 
inside  dimension  with  an  Inside  caliper. 


4.17E 

Figure  3-15.-Measuriag  the  distance 
between  two  surfaces  with  an . 
Inside  caliper. 

The  legs  may  then  be  opened  or  closed  as 
needed  to  clear  the  obstruction,  then  brought 

.  back, and  locked  to  theleaf  again,thus  restoring 
them  to  the  original  setting. 

^  A  different  type  of  caliper  Is  the  hermaphro- 
dite, sometimes  called  odd-leg  caliper.  This 
caliper  has  one  straight  leg.  ending  in  a  sharp 
point,  sometimes  removable,  and -one  bow  leg 
The  hermaphrodite  caliper  is  used  chiefly  for 
locating  the  center  of  a  shaft,  or  for  locating  a 
shoulder. 

USING  CALIPERS 

A  caliper  is  usually  used  In  one  of  two  ways. 
Either  the  caliper  Is  set  to  the  dimension  of 
the  work  and  the  dimension  transferred  to  a 
scale,  or  the  caliper  Is  set  on  a  scale  and  the 
work  machined  until  it  checks  with  the  dimen- 
sion set  up  on  the  caliper.  To  adjusta..caliper_. 
to  a  scale  dimension,  one  leg  of  the  caliper 
should  be  held  firmly  against  one  end  of  the 
scale  and  the  other  leg  adjusted  to  the  desired 
dimension.  To  adjust  a  caliper  to  the  work 
open  the  legs  wider  than  the  work  and  then 
bring  them  down  to  the  work.  - 

CAUTION:  Never  place  a  caliper  on  work 
that  Is  revolving  In  a  machine. 
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Figure  3- 16.— Measuring  an  Inside 
diameter  with  an  inside  caliper.1 


Figure  3-17.— Setting  a  combination  firm 
joint  caliper.   44.97 


Measuring  The  Diameter  of  Round  or 
The  Thickness  of  Flat  Stock 

To  measure  the  diameter  of  round  stock, 
or  the  thickness  of  flat  stock,  adjust  the  out- 
side caliper  so  that  you  feel  a  slight  drag  as 
you  pass  it  over  the  stock.  (See  fig.  3-12.) 
After  the  proper  'feel"  has  been  attained, 
measure  the  setting  of  the  caliper  with  a  rule. 
In  reading  the  measurement,  sight  over  the  leg 
of  the  caliper  after  making  sure  the  caliper  is 
set  squarely  with  the  face  of  the  rule. 

Measuring  Hard  to  Reach 
Dimensions 

To  measure  an  almost  inaccessible  outside 
dimension,  such  as  the  thickness  of  the  bottom 
of  a  cup,  use  an  outside  transfer  firm- joint 
caliper  as  shown  in  figure  3-13.  When  the 
proper  "feel"  is  obtained,  tighten  the  lock  joint. 


r 
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Figure  3-18.— Decreasing  and  increasing 
the  setting  of  a  firm  joint  caliper. 
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Figure  3-19.— Setting  a  com- 
bination firm,  joint  <^llper 
for  inside  measurements. 


Then  loosen  the  binding  nut  and  open  the  caliper 
.enough  to  remove  It  from  the  cup*  \Close  the 
caliper  again  and  tighten  the  binding  nut  to  seat 
In  the  slot  at  the  end' of  the  auxiliary  aurm.  The 
caliper  Is  now  at  the  original  setting,  repre- 
senting the  thickness  of  th$  bottom  of  the  cup. 
The  caliper  setting  can  now  be  measured  wittf  a 
rule. 

To  measure  a  hard  to  reach  Inside  dimen- 
sion, such  as  the  internal  groove  shown  In  fig- 
ure 3-14,  a  lock- joint  Inside  caliper  should  be 
used.  The  procedure  followed  for  measuring 
a  hard0  to  reach  outside  dimension  Is  used. 

Measuring  The  Distance  x 
Between  Two  Surfaces 

To  measure  the.  distance  between  two  sur- 
faces with  an  Inside  caltper,first  set  the  caliper 
to  the  approximate  distance  being  measured. 
Hold  the-callper  with  one  leg  In  contact  wltfi  one 
of  the  surfaces  being  measured.  (See  fig.  3-15.) 
Then  as  you  Increase  the  setting  of  the  caliper, 
move  the  other  leg  from  left  to  right.  Feel  for 
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Figure  3-20.-Settingan  o.utside 
spring  caliper. 
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Figure  3-21.-Setting,an  inside * 
spring  caliper. 

the  alight  drag  Indicating  the  proper  setting  of 
the  caliper.  -Then 'remove  the  caliper  and 
meature  the  setting  with  a  rule. 

Measuring  Hole  Diameters 

To  measure  the  diameter  of  a  hole  with  an 
Inside  caliper,  hold  the  caliper  with  one  leg  In 
contact  with  one  side.  of  .  the  hole  (fig;  3-16)  and, 
as  you  Increase  the  setting,  more  the  other  leg 
from  left  to  right,  and  In  and  out  of  the  hole. 
When  you  have  found  the  point  of  largest  diam- 
eter, remove  the  caliper  and  measure  the  cali- 
per setting  with  a  rule. 

c  e 

Setting  A  Combination 
Firm  Joint  Caliper 

To  set  a  combination  firm  joint  caliper  with 
a  rule,  when  the  legs  are  in  position  tor  outside 
measurements,  grasp  the  caliper  with  "both 
hands,  as  shown  in  figure  3-17A,  and  adjust 


Figure  3-22.-Transferring*a  meas- 
urement from  an  outside  to  an 
inside  caliper. • 
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Figure  3-23.-Caliper  square 
(slide  caliifer). 


•  both  legs  to  the  approximate  setting.  By  adjust- 
ing both  legs,  the  shape  of  the  tool  will  be  ap- 
proximately symmetrical.  Thus  it  will  maintain 
its  balance  and  be  easier  to  handle. 

Check  this  approximate  setting  as  shown  in 
figure  3-17B.  Sight  squarely  across  the  leg  at 
the  graduations  on  the  rule  to  get  the  exact  set- 
ting required. 

If  it  is  necessary  to  decrease  or  increase  the 
(Setting,  tap  one  leg  of  the  caliper,  as  shown  in 
figure  3-18.  The  arrow  indicates  the  change  in 
setting  that  will  take  place. 

When  the  caliper  is  set  for  inside  measure-  - 
ments,  the  same  directions  for  adjusting  the 
setting  apply.. Figure  3-19  shows  how  the  end 
of  the  rule  and  one  leg  of  the  caliper  are  rested 
on  the  bench  top  so  that  they  a*e  Exactly  even 
iflth  each  other  when  the  reading  is  taken. 

.Setting  Outside  And  Inside 
Spring  Calipers 

To  set  a  particular  reading  on  an  outside 
spring  caliper,  first  open  the  caliper  to  the  ap- 
proximate setting.  Then,  as  shown  in  figure 
3-20,  place  one  leg  over  the  end  of  the  rule 
steadying  it  with  index  finger.  Make  the  final 
setting  by  sighting  over  the  other  leg  of  the 
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Figure  3-24.— Measuring  an  outside 
dimension  with  a  pocket  slide 
caliper. 

caliper,  squJ^fcly  with  the  face  of  the  rule  at 
the  reading,  and  turning  the  kqprled  adjusting 
nut  untii% the  desired  setting  Is  obtained. 

To  set  an  inside  spring  caliper  to  a  particu- 
lar reading-,  place  both  caliper  and  rule  on  a 
flat  surface  as  shown  in  figure  3*21.  The- rule 
must  be  held  squarely  or  normal  (9Q*  in  both 
directions)  to  the  surface  to  ensure  accuracy. 
Adjust  the  tafurled  adjusting  nut;  reading  the 
setting  on  the  rule  with  line  of  sight  normal  to 
the  face  of  the  rule  at  the  reading. 

Transferring  Measurements  From 
One  Caliper  To  Another 

To  transfer  a  measurement  from  one  spring 
caliper  to  another,  hold  the  calipers  as  shown 
in  figure  3-22.  Note  that  one  of  the  man's 
fingers  is  extended  to  steady  the  point  of  con- 
tact of  the  two  lower  caliper  legs.  In  this  figure 
the  inside  caliper  is  being  adjusted  to  the  size 
of  the  outside  caliper.  As  careful  measure- 
ments with  calipers  depend  on  one's  sense  of 
touch,  which  is  spoken  of  as  "feel,"  calipers* 
are  best,  held  lightly.  When  you  notice  a  slight 
drag,  the  caliper  is  at  the  proper  setting. - 

CARE  ,  v 

Keep  calipers  clean  and  lightly  oiled,  tout  do 
not  overoil-  the  joint  of  firm  joint  calipers  or 
you  may  have  difficulty  in  keeping  them  tight. 
Do  not  throw  them  around  t>r  use  them  for 
screwdrivers  or  pry  bars.  Even  a-slight  force 
mar  spring  the  legs  of  a  caliper  so  that  other 
measurements  made  with  it  are  never  accurate. 
Remember  they  are  measuring  instruments  and 
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•    Figure  3-25.— Measuring  an  inside  ' 
dimension  with  a  slide  caliper. 

must  be  used  only  for  the  purpose  for  which 
'they  are  intended. 

SLIDE  CALIPER  %  ■ 

The  main  disadvantage-  of  using  ordinary 
calipers' is  tHat  they- do  not  give  a  direct  read- 
ing of  a  caliper  setting.  As  explained  earlier, 
you  must  measure  a  caliper  setting  with  a  rule. 
To  overcome  this  disadvantage,  use  slide  cali- 
pers (fig.  3-23).  This  instrument  is  occasion- 
ally called  a  caliper  rule. 

Slide  calipers  can  be  used  for  measuring 
outside,  inside,  and  other  dimensions.  One  ?ide 
of  the  caliper  is  used  as  a  measuring  rule, 
while  the  scale  on  the  opposite  side  is  used  in 
measuring  outside  and  inside  dimensions. 
Graduations,  on  both  scales  are  ir*  inches  and 
fractions"ttier§of.  A  locking  screw  is  incor- 
porated tofaold  tHe-slide  caliper  jaws  in  position 
during  use.  Stamped  on  the  frame  are  two 
words,  "IN"  and  "OUT."  These  are  used  in 
reading  the  scale  while  making  inside  and  out- 
side measurements,  Respectively. 

To  measure  the  outside  diameter  of  round 
stock,  or  the  thickness  cf  flat  stock,  move  the 
jaws  of  the  caliper  into  firm  contact  with  the 
surface  of  the  stock.  <Read  the  measurement 
at  the  reference  line  stamped  OUT.  (See  fig. 
3-24.) 

When  measuring  the  inside  diameter  of  a 
hole,  or  the  distance  between  two  surfaces,  in- 
sert only  the  rounded  tips  of  the  caliper  jaws 
into  The  hole  or  between  the  two  surfaces.  (See 
.  fig.  3-25.)  Read  the  measurement  on  the  ref- 
erence line  stamped  IN.    \  -\ 

Note  that  two  reference  lines  are  geedecUf 
the  caliper  is  to  measure  both  outside  and  in- 
side dimensions,  and  that  they  are  separated 
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Figure  3-26.-Vernier  caliper. 
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by  an  amount  equal  to  the  outside  dimension  of 
the  rounded- tips  when  the' caliper  is  closed. 
.  .  Pocket  models  of  slide  calipers  are.  com- 
monly made  in  3-in.  and  5-in.  slzeTand  are 
tradufttsd  to  read  in  32nd-  and  64ths.  Pocket 
slide  calipers  are  valuable  when  extreme  pre- 
cislonis  not  required.  They  are  frequently  used 
for  duplicating  work  when  the  expense  of  fixed 
-  gages  is  not  warranted. 

VERNIER  CALIPER 

.»  ^  caliper  (fig.  3-26)  consists  of  an 

L-snapjd  member  with  a  scale  engraved  on  the 
lon*  A  sliding  member  is  free  to  move 

^nd'^rrles  »>w  which  matches  the 
arm  of  the  L.  The  vernier  scale  is  engraved  on 
a  small  plate  that  is  attached  to°  the  sliding 
member.  / 

Perhaps  the  most  distinct  advantage  of  the 
vernier  caliper,  over  other  types  of  caliper,  is 
the ability  to  provide  very  accurate  measure- 
ments over  a  large  range.  It  can.  be  used  for 


Figure  3-27.-Vernier  scale  principle. 
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both  internal  and  external  surfaces.  Pocket 
models  usually  measure  from  zero  to  3  in.,  but 
sizes  are  available  ail  the  way  to  4  ft.  In  using 
.  the  vernier  caliper,  you  must  be  able  to  meas- 
ure with  a  slide  caliper  and  be  able  to  read  a 
vernier  scale.%  % 

PRINCIPLES  OF  THE 
VERNIER  SCALE 

i  /i? n^^t  5*  P°S8iW«  to  etch  graduations 
1/1000  inch  (0.001)  in.  apart  on  a  steel  rule  or 
sliding  caliper  as  shown  in  figure  3-27.  This 
enlarged  illustration  shows  two  graduated 
scales.  The  top  scale  has  divisions  which  are 
0.025  inches  apart.  The  small  sliding  lower 
scale  has  25  0.001  inch  graduations-  which  can 
divide  any  of  the  main  scale  divisions  of  0.025 
inch  into  25  parts.  When  the  first  graduation 
nurked  "O"  on  this  small  scale  aligns  with  a 
graduation  on  the  main  scale,  the  last,  or  25th 
will  also  align  with  a  graduation  on  the  main 
scale  as  shown.  Consequently,  the  small  0.00 
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OtMtMMCt  EQUALS  1  WVISION  ON  SCALE  A,  flCURI  *47 
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Figure  3-28  .-Expanded  view  of  the  vernier  scale. 
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29.266(44B)B 
Figure  3-29.— fcnglish-measure-. 
vernier  scale. 


graduations  are  not  significant  In  this  position., 
But  when  the  .zero  graduation  does  not  align 
with  a  graduation  on  the  main  scale,  it %  can  be 
readily  determined  how  many  thousandths  the 
zero  missed  the  0.025  inch  graduation  by  count- 
ing the  misaligned  graduation  at  either  end  of 
the  small  scale.  When  the  zero  or  index  line 
on  the  sliding  scale  does  not  quite  reach  the 
graduation,  the  amount  of  misalignment  must  be 
subtracted,  but. when  it  passes  the  0.025  gradu- 
ation from  which  the  reading  is  wade,  it  mu* 
be  added*  This  illustrates  thevsimple  arrange- 
ment to  increase  die  accuracy  of  a  common 
scale.  Unfortunately,  the  0.001  inch  graduations 
are  not  too  legible  and  so  the  system  is  not  , 
practical.  A  vernier  arrangement  overcomes 
r  this  problem. 

VERNIER  SCALE  ARRANGEMENT 

.  The  main  difference  between  the  vernier 
scale  and  the  arrangement  shown  in  fig.  3-27  is 
the  spacing  of  the  25  divisions.  Instead  of  25 
graduations  crowded  within  the  space  of  one 


main  scale  division,  the  vernier  graduations 
are  arranged  *t  intervals  exactly  0.001  Inch 
less  than  the  main  scale  graduations,  as  shown 
in  fig.  3-28.  This  arrangement  results  In  an 
accumulation  of-  misalignments  starting  with 
the  first  vernier  graduation  past  the  zero  so 
that"  each  may  be  marked  as  shown  with  a  num- 
ber representing  the  space  In  thousandths  to 
the  next  upper  scale  graduation.  For  example, 
If  the  zero  index  line  would  be  moved  past  the 
8  inch  graduation  until  the  vernier  graduation 
number  5  aligned  with  the  next  main  scale 
graduation,  the  exact  reading  would  be  8  inches 
plus  0.005  or  8.005  inches.  4 

READING  A  VERNIER  CALIPER 

Figure  3-29  shows  a  bar  1  inch  long  divided 
by  graduations  into  40  parts  so  that  each  gradu- 
ation indicates  one-fortieth  of  an  inch  (0.025 
inch).  Every  fourth  graduation  is  numbered; 
each  number  indicates  tenths  of  an  inch  (4  x 
0.025  inch).  The  vernier,  which  slides  along 
,the  bar,is  graduated  into  25  divisions  which  to- 
gether, are  as  long  as  24  divisions  on  the  bar. 
Each  division  of  the  vernier  is  0.001  inch 
smaller  than  each  division  on  the  bar.  Verniers 
that  are  calibrated  as  just  explained  are  known, 
as  English- measure  verniers.  The  metric- 
measure  vernier  is  read  the  same,  except  that 
the  units  of  measurement  are  in  millimeters. 

In  figure  3-30,  insert  A  illustrates  the  Eng- 
lish measure  vernier  caliper.  Insert  B  shows 
an  enlarged  view  of  the  vernier  section.  As  you 
can  see  in  this  figure,  when  the  zero  on  the 
vernier  coincides  with  the  1-inch  mark,  no 
other  lines  coincide  until  the  25th  mark  on  the 
vernier. 
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Figure  3-30.-Vernier  caliper. 
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METRIC  MEASURE  VERNIER 
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*    METRIC  MEASURE  VERNIER 
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Figure  3-31.— Metric-measure 
vernier  scales; 


To  read  the  caliper  in  insert  C_9  write  down 
in  a  column  the  nuniber  of  inches  (1.000  in.),  of 
tentfa^of-an-inciaQ,400  in.),  and  of  thousandths 
of  an  inch  that  the  zero  mark  on  tne  vernier  is~ 
from*  the  zero  mark  on  the  rule;  Because  the 
zero  mark  on  the  vernier  is  a  little  past  a  0.025 
in.  mark,  write  down. the  0.025  in.  and  then  note 
the  highest  number  on  the  vernier  where  a  line 
on  the  vernier  coincides  with  one  on  the  rule. 
IT1hir-*aar^t~i3~aMhe-0.011  imJine^onjtie_ 
vernier,  so  you  also  write  the  0.011  in.  in  the 
column  which  will  then  look  like  this: 

1.000  in. 

.400  in. 

.025.in. 

.011  in. 
1.436  in. 

The  reading  on  the  caliper  shown  in  insert  C 
is  1.436  in.  and  was  obtained  by  adding  four 
separate  "readings."  After  a  little  practice  you 
will  be  able  to  make  these  calculations  mentally  . 


Table  3-1.— Measuring  Point  Allowances 

44.216 


Size  of 
Caliper 


6"  or  150  mm  , 
12"  or  300  mm  , 
24"  or  600  mm  . 
36"  or  600  mm 


English 
Measure 


Add  0.250". 
.300". 
,300". 
.500". 


Metric 
Measure 


Add  6.35  mm. 
7.62  mm. 
7.£2  mm. 
12.70  mm. 


Now  try  to  read  the  settings  of  the  two  ver- 
niers shown  in  inserts  D»9uxi  E.  Follow  the 
above  procedure;  You  should  read  2.350  in;  on 
D  and  2.368  in.  on  E. 

To  read  a  metric- measure 'vernier,  note  the 
number  of  millimeters,  and  the  0.25  millimeter 
-iLthe  setting  permits,  that  the  zero  on  the  ver- 


nier has  moved  from  the  zero  Off: the  scaler- 
Then  add  the  number  of  hundredths  of  a  milli- 
meter indicated  by  the  line  on  the  vernier  that 
coincides  with  a  line  on  the  scale. 

For  example,  figure  3-31A  shows  the  zero 
graduation  on  the  vernier  coinciding  with  a 
0.5-mm  graduation  on  the  scale  resulting  in  a 
38.50  mm  reading.  The  reading  in-figure  3-31B 
indicates  that  0.08  mm  should  be  added  to  the 
scale  reading,  and  results'  in  38.00  mm  +  0.50 
mm  +  0.08  mm  »  38.58  mm. 


"If  a  vernCfiTcaliper  isrcalibrated~in~either 
English  measure  or  in  metric  measure,  usually 
one  side  will  be  calibrated  to  take  outside 
measurements  and  the  other  to  take  inside 
measurements  directly;  The  vernier  plate  for 
-inside  measurements^S-satio^compensate  for 
the  thickness  of  the  measuring  points  of  the 
tools.  But  if  a  vernier  caliper  is  calibrated  for 
both  English  and  metric  measure,  one  of  the 
scales  will  appear  on  one  side  and  one  on  the 
other.  Then  it  will  be  necessary,  when  taking 
inside  measurements  over  the  measuring  points, 
to  add  certain  amouhts'tarallaw^or  their  thick- 
ness. For  example,  table  3-1  shows  the 
amounts  to  be  added  for  various  sizes  of  ver- 
nier calipers.  .  . 

Outside  Surface  Measurements 

To  measure  the  distance  between  outside 
surfaces  or  the  outside  diameter  of  round  stock 
with  a  vernier  caliper,  steady  the  stockwith  one 
hand  and  hold  the  caliper  in  the  other  as  shown 
in  flgufe  3-32.  In  the  figure,  the  clamping 
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Figure  3-32. -Measuring  an  outside 
diameter  with  a  vernier  caliper. 


28.4D 

Figure  3- 3 3. -Measuring  an  inside 
diameter  with  a  vernier  caliper. 


SPINDLE 


THIMBLE 


RATCHET STOP 


4.2CUA 

Figure  3-34.~Nomenclature  of  an  outside 
micrometer  caliper* 


screws  are  at  A  and  B;  the  horizontal  adjust* 
ing  screw  nut  is  at.  C, .  With  A  and  B  loose, 
•  slide  the  movable  jaw  toward  the  piece  being 
measured  until  it  is.  almost  in  contact.  Then 
tighten  A  to.  make  C  operative.  With  C,  adjust 
the  movable  jaw  to  the  proper  feel  and  secure 
the  setting  with  B.  The  reading  can  then  be 
taken  as  explained  previously. 

Inside  Surface  Measurements 

To  measure  the  distance  between  inside 
surfaces,  or  the  inside  diameter  of  a  hole,  with 
a  vernier  caliper,  use  the  scale  marked  ."in- 
side." Figure  3-33  shows  the  measuring 
points  in  place.  Remember  that  if  you  are.  using 
a  vernier  caliper  with  both  metric  and  English 
-scales,  the  scales  appear  on  opposite  sides  of 
the  caliper  and  apply  only  to  outside  measure- 
ments. Then;*  to  get  correct  inside  measure- 
ments, you  add  to  the  actual  reading  the  meas- 
uring point  allowance  for  the  size  of  caliper 
you  are  using.  Take  this  allowance  from  table 
3-1  or  the  manufacturer's  instructions.  The 
actual  measurement  in  this  case  is  made  in  the 
same  manner  as  taking  an  outside  measurement. 


CARE  OF  THE^VEHNlER~CAi:iPER  

The  inside  faces  of  the  jaws  and  the  outside 
of  the  tips  must  be  tx  sated  with  great  care.  If 
they  become  worn,  or  the  jaws  bent,  the  tool 
will  no  longer  give  accurate  readings.  The  ac- 
curacy of  vernier  calipers  should  be  checked 
periodically  by  measuring  an  object  of  known 
dimension.  Vernier  calipers,  can  be  adjusted 
when  they  are  not  accurate,,  but  the.  inanu-  ^ 
facturer's  recommendations  for  this  adjust* 


ment  must  be  followed.  Keep  vernier  calipers"" 
lightly  oiled  to  prevent  rust  and  keep  them 
stored  away  from  heavy  tools. 

MICROMETER 

In  much  wider  use  than  the  vernier  caliper 
is  the  micrometer  commonly  caUed  the  "mike."- 
It  is  important  that  a  person  who  is  working  with, 
machinery  or  in  a  machine  shop  thoroughly' 
understand  the  mechanical  principles,  construc- 
tion, use,  and  care  of  the  micrometer.  Figure 
3-34  shows  an  outside  microWt¥r'ckli^irw{th~ 
the  various  parts  clearly  indicated.  Microm- 
eters are  used  to  measure  distances  to  the  ' 
nearest  one  thousandth  of  an  inch.  The  meas- 
urement is  usually  expressed  or  written  as  a 
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0U7SI0C  iSCROMETE* 


SCREW  THKEAO  MK*OMETEK 


wsnc  McnoMcmt  and  extension  rods 


DCPTH  MtCAOMETE*  ANO  EXTENSION  ROOS 


~4;20;1B~ 


Figure  3-35.— Common  types  of  micrometers* 


decimal;  so  you  must  know  the  method  of  writ- 
ing and  reading  decimals. 

TYPES 

There  are  three  types  of  micrometers  that 
are  most  commonly  used  throughout  the  Navy: 
the  outside-micrc meter-  caliper_(includingjthe„ 


screw  thread  micrometer),  the  intrude  microm- 
eter,and  the  dtfpth  micrometer.  (See  fig.  3-35.) 
The  outside  micrometer  is  used  for  measuring 
outside  dimensions?  such  as  the  diameter  of  a 
piece  of  round  stock.  The  screw  thread  mi- 
crometer is  used  to  determine  the  pitch  diam- 
eter of  screws.  The  inside  micrometer  is  used 
for  measuring  inside  dimensions,  as  for  exam- 
ple, the  inside  diameter  of  a  tube  or  hole,  the 
bore  of  a  cylinder,  or  the  width  of  a  recess. 
The  depth  micrometer  is  used  for  measuring 
the  depth  of-holes  or  recesses _ _____ __   _  _ 

SELECTING  THE  PROPER 
MICROMETER 

The,  types  of  micrometers  commonly  used 
aire  made  so  that  the  longest  movement  possible 
betweenthe  spindle  and  the  anvil  is  1  inch.  This 


movement  is  called  the  "range."  The  frames  of 
micrometers,  however,  are  available  in  a  wide 
variety  of  sizes,  from  1  inch  up  to  as  large  as 
24  inches*.  The  range  of  a  -1-inch  micrometer 
is  from  0  to  1  inch;  in  other  words,  it  can  be 
used  on  work  where  the  part  to  be  measured 
is  1  inch  or  less.  A  2- inch  micrometer  has  a 
range  from  1  inch  to  2  inches,  and  will  meas- 
-ure-only-work  between  1  and;  2.  inches,  thick;  a 


6- inch  micrometer  has  a  range  from  5  to  6 
5nches,and  will  measure  only  work  between  5 
and  6  inches  thick.  It  is  necessary,  therefore, 
that  the.  mechanic  in  selecting  a  micrometer 
first  find  the  approximate  size  of  the  work  to 
the  nearest  inch,  and  then  select  a  microm- 
eter that  will  fit  it.  For  example,  to  find  the 
exact  diameter  of  a  piece  of  round  stock;  use  a 
rule  and  find  the  approximate  diameter  of  the 
'  stock,  n  .it  is  found  to  be  approximately  3  1/4 
inches,  a  micrometer  with  a  3-  to  4- inch  range 
— would^be^equired-to  measure-the  exact- diam-_ 
eter.  Similarly,  with  inside  and  depth  microm- 
eters, rods  of  suitable  lengths  must  be  fitted 
into  the  tool  to  get  the  approximate  dimension 
within  an  inch,' after  which  the  exact  measure- 
ment is  read  by  turning  the  thimble.  The  size 
of  a  micrometer  indicates  the  size  of  the  larg- 
est work  it  will  measure. 
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Figure  3-36.-Sleeve  and  thimblescales 
of  a  micrometer  (enlarged). 


HEADING  A!  MICROMETER 
CALIPER 

The  sleeve  and  thimble  scales  of  the  mi- 
crometer caliper  have  been  enlarged  in  figure 
3-36,  To  understand  these  scales,  you  need  to 
know  that  the  threaded  section  .on  the  spindle, 
which  revolves,  has  40  threads  per  inch.  There- 
fore, every  time  the  thimble  completes  a  revo- 
lution, the  spindle  advances  or  recedes  1/40" 
(0.025"), 

Notice  that  the  horizontal  line  on  the  sleeve 
is  divided  into  40  equal  parts  per  inch,  Evory 
fourth  graduation  is  numbered  1,  2;  3,  4,  etc, 
Representing  0.100",  4,200",  etc.  When  you  turn 
the  thimble  so  that  its  edge  is  over  the  first 
sleeve  line  past  the  "0"  on  the  thimble  sdale, 
the  spindle  has  opened  0,025",  If  you  turn  the 
spindle  to  the  secdnd  mark, it  has  moved  0,025" 
plus  0,025"  or  0,050",  You  use  the  scale  on  the 
thimble  to  complete  your  reading  when  the  edge 
of  the  thimble  stops  between  graduated  lines. 
This  scale  is  divided  into  25  equal  parts,  each 
part  representing  1/25  of  a  turn.  And  1/25  of 
0,025"  is  0,001",  As  you  can  see,  .every  fifth 
line  on  the  thimble  scale  Is  marked  5,  10,  15, 


Figure  3-37.-Jtead  a  micrometer  caliper. 
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t  Answers  tor  checking— 

\*  L  »  0.327     4  =  0.488     7.  =  0.246 
I  2.  =  0.229     5.  =  0.187     8.  =  0.148 
3.  sr  0.428     6.  =  0.386     9.  =  0.349 

Figure  3-38.— Micrometer-reading 

exercises.  4.20 


etc.  The  thimble  scale,  therefore,  permits  you 
to  take  very  accurate  readings  to,  the  thousandths 
of  an  inch,  and,  since  you  can  estimate  between 
'  the  divisions  on  the  thimble  scale,  fairly  ac- 
curate readings  to  the  ten  thousandth  of  an  inch 
are  possible. 

The  closeup  in  figure  3*  37' will  help  you  un-, 
derstand  how  to  take  a  complete  micrometer 
reading.  Count  the  units  on  the  thimble  scale 
and  add  them  to  the  reading  on  the  sleeve  scale. 
The  reading  in  th^ngure~shows-a-sleeve~read — 
ing  of  0..  50"  (the  thimble  having  stppped  slightly 
more  than  halfway  between  2  and  3  on  the 
'sleeve)  with  the  10th  line  on  the  thimble  scale 
coinciding  with  the  horizontal  sleeve  line.  Num- 
ber 10  on  this  scale  means  that  the  spindle  hao 
moved  away  from  the  anvil  an  additional  10  x 
0.001"  or  0.010".  Add  this  amount  to  the  0.250" 
sleeve  reading,  and  the  total  distance  is  0.260". 

Read  each  of  the. micrometer  settiirts  in  fig- 
ure 3-38  so  that  you  can  be  sure  of  yourself 
-when~you-bsgln~  t o  u  se.  this Jool„oniheJgb.  The 
correct  readings  are  given  following  the  figure 
so  that  you  can  check  yourself. 

Figure  3-39  shows  -a  reading  in  which  the 
horizontal  line  falls' between  two  graduations  on 
the  thimble  scale  and  is  closer  to  the  15  gradu- 
ation than  it  is  to  the  14.  To  read  this  to  THREE 
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Figure  3-39.— Interpolating  a 
"  micrometer  reading/ 


decimal  places,  refer  to  figure  3-39  and  calcu- 
lation A.  To  read  it  to  FOUR  decimal  places, 
estimate  the  number  of  tenths  of\the  distance 
between  thimble-scale  graduations  the  hori- 
zontal line  has  fallen.  Each  tenth  of  this  dis- 
tance  equals  one  ten-thousandth  (0.0001)  of  an 
inch.,  Add:  the~tett^thousandths-to-the^reading^ 
as  shown  in  the  calculations  of  figure  3-39B. 


READING  A  VERNIER 
MICROMETER  CALIPER 

*  Many  times  you  will  be  required  to  work  to 
exceptionally  precise  dimensions.  Under  these 
conditions  it  is  better  to  use  a  micrometer  that 
is  accurate  to  ten-thousandths  of  an  inch.  This 
degree-of-accuracy  Is  obtained  by  the  addition 
of  a  vernier  scale.  This  scale,  shown  nrfigure~~ 
3-40,  furnishes  the  fine  readings  between  the 
lines  on  the  thimble  rather  than  making  you 
estimate.  The  10  spaces  on  the  vernier  are 
equivalent  to  9  Spaces  on  the  thimble.  There* 
fore,  each  unit  on  the  vernier  scale  is  equal  to 
0.0009"  and  the  difference  between  the  sfzes  of 
the  units  on  each  scale  is  0.0001". 

When  a  line  on  the  thimble  scale  does  not 
coincide  with  the  horizontal,  sleeve  line,  you  can 
determine  Hie  additional  space  beyond  the  read* 
able  thimble  mark^bjrfindlng-which-veriaer 
mark  coincides  with  a  Una  on  the  thimble  scale. 
Add  this  number,  as  that  many  ten-thousandths 
of  an  Inch,  to  the  original  reading.  In  figure 
3*41  see  how  the  second  line  on  the  vernier 
scale  coincides  with  a  line  on  the  thimble  scale. 
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Figure  3-40.- Vernier  scale  on 

a  micrometer.  29.266G 
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44.77 

Figure  3-42.-Measuring  ai>  inside 
diameter  with  an  inside  caliper. 
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.2862 


Figure  3-41.-Read  a  vernier 
micrometer  caliper. 

This  means  that  the  0.011  mark  on  the  thim- 
ble scale  has  been  advanced  an  additional 
0.0002"  beyond  the  horizontal  sleeve  line.  When 
you  add  this  to  the  other  readings,  the  reading 
will  be  0.200  +  0.075  +  0.011  +  O.0002  or 
0.2862",  as  shown. 


1  4.20.2A 

Figure  3-43;-Measuring  round-stock— 
#  with  a  micrometer  caliper. 

., 

MEASURING- HOLE  DIAMETERS 
WITH  AN  INSIDE  MICROMETER  c 
CALIPER 

To  measure  the  diameter  of  small  holes 
from  0.2"  to  1"  in  diameter,  an  inside  microm- 
eter caliper  of  the  jaw  type  as  shown  in  figure 
3-42A  may  be  used.  Note  that  the  figures  on 
-both^the  Jhljnfelejtjrt^  reversed. 
increasing  in  the' opposite  direction  from  those " 
on  an  outside  micrometer  caliper.  This  is  be- 
cause this  micrometer  reads  inside  measure- 
ments. Thus  as  you  turn  the  thimble  clock- 
wise on  this  micrometer;  the  measuring 
surfaces-move-iartfc^r^part^and-  the~reading 
increases*  (On  an  outside  micrometer  caliper, 
as  you  turn  the  thimble  clockwise,  the  meas- 
uring surfaces  move  closer  together  and  the 
reading  decreases.) 
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Figure  3-44.— Measuring  flat 
stock  with  a  micrometer 
caliper.  t  4.20.1c 


For  boles  from  2"  up  to  several  feet  in 
diameter,  select  the  inside  micrometer  having 
extension  rods  whose  range  includes  the  re* 
quired  dimension.  The  extension  rod  marked 
"9-7,"  for  example,  when  inserted  into  the 
head  of  the  micrometer,  will  measure  inside 
diameters  from  6"  to  7".  The  shoulder  on  the 
rod  must  seat  properly  to  ensure  a  correct 
reading. .  Figure  3-42B  shows  that,  for  large 
measurements,  both  hands  are  used  to  set  the 
micrometer  for  checking  a  diameter ♦  Hole  one 
end'in  place  with  one  hand  as*  you  "feel"  for  the 
maximum,  possible  setting  by  moving  the  other* 
end  from'  left  to  rigfrt,  and  in  and  out  of  the 
hole  with  the  other  hand.  When  no  left-to-right 
movement  is  possible,  and  a  slight  drag  is  no- 
ticed on  the  in-and-out  swing,  take  the,  reading. 

MEASURING  ROUND  STOCK 


When  measuring  the  diameter  of,  a  small 
piece  ofround~stock;hold-the-stock  to  be  meas- 
ured in  one  hand.  Hold  the  micrometer  in  the 
other  hand  so  that  the  thimble  rests  between 
the  thumb  and  the  forefinger.  (See  fig.  3-43.) 
The  third  finger  is  then  in  a  position  to  hold 
Jhejnmejigainst  the  palm  of  the  hand.  The 
frame  is  suppdHedir^thts^manner-aiid^makes- 
it  easy  to  guide  the  work  over  the  anvil.  The 
thumb  and  forefinger  are  in  position  to  turn  the 
thimble  either  directly  or  through  the  ratchet 
and  bring  the  spindle  over  against  the  surface 
being  measured. 

Turn  the  spindle  down  to  contact  by  "feel," 
or  else  use  the  ratchet  stop.  Your  feel  should 


produce  the  same  contact  pressure  and  there- 
fore the  same  reading  as  that  produced  when 
the  ratchet  stop  is  used.  Develop,  your  "feel" 
by  measuring  a  certain  dimension  both  with  and 
without  the  aid  of  the  ratchet  stop.  When  you 
have  the  correct  feel,  you  will  get  the  'same 
readings  by  both  methods. 

In  measuring  round  stock  the  feel  must  be 
very  light  because  there  is  only  a  line  contact 
between  the  spindle  and  the  stock  and  the  anvil 
and  the  stock.  Therefore  the  contact  area  is 
exceptionally  small,  causing  a  proportionally 
high  contact  pressure  per  unit  of  area.  This 
tends  to  give  a  reading  smaller  than  the  true 
reading  unless  the  light  feel  is  used.  More- 
over, in  measuring  a  ball  from  a  bail  bearing, 
the  contact  is  at  only  two  points,  so  the  contact 
area  is  again  very  small,  which  results  in  a 
tremendous  pressure  per  unit  of  area.  This 
condition  requires  only  the  €  lightest  possible 
contact  pressure  to  give  a  true  reading. 

Hold  the  micrometer  lightly  and  for  only  as 
long  as  is  necessary  to  make  the  measurement. 
Wrapping- the  hand  around  it  or  holdings  ior. 
too  long  a  time  will  cause  expansion  of  the 
metal  and  will  introduce  errors  in  measure* 
•  ment.  Read  the  setting  on  the  thimble  scale  (if 
the  object  is  small)  without  removing  the  mi- 
crometer caliper  frpm  the  object. 

MEASURING  A  FLAT  SURFACE 

•    -  ** 

When  measuring  a  ilat  surface  with  a  mi- 
crometer caliper,  the  entire  area  of  both  the 
anvil  and  the  spindle  is  in  contact  with  the  sur- 
face being  measured.  This  causes  a  propor- 
tionally low  contact  pressure  per  unit  of  area. 
Therefore  the  "feel"  should  be  slightly  heavier 
than  when  measuring  round  stock. 

On  large  flat  work,  it  is  necessary  to  have 
the  work  stationary  and  positioned  to  permit 
access  for  th_emicrometer.  The  proper  method 
of  holding  a  micrometer  wheffchecklng^r-part 
too  large  to  be  held  in  one  hand  is  shown  in  fig- 
ure 3-44.  The  frame  is  held  by  one  hand  to 
position  it  and  to  locate  it  *}uare  to  the  meas- 
ured surface.  The  other  "hand*  operates  the 
thimble^eiihex^dir^l^or  through  the  ratchet. 
A  large  flat  surface  should  be  measured  in  sev- 
eral  places  to  determine  the  amdunt  of  varia- 
tion. It  is  good  practice  to  lock  the  spindle  in 
place  with  the  locknut  before  removing  the  mi- 
crometer from  the  part  being  measured.  After 
removal  of  the  micrometer  the  measurement 
indicated  on  thfe  thimble  scale  can  then  be  read. 
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Figure  3-45.-Carpenter's  square. 


29.23A 


To  retain  a  particular  setting,  in  cases  where 
several  pieces  are  to  be  gaged,  lock  the  spindle 
.  In  place  with  the  locknut.  When  a  piece  is 
gaged"  with  a  micrometer  whose  spindle  is 
locked  to  a  particular  setting,  the  piece  can 
quickly  be  identified  as  oversize,  correct  size 
or  undersize. 

CARE  OF  MICROMETERS 

Keep  micrometers  clean  and  lightly  oiled. 
Make  sure  they  are  placed  in  a  case  or  box 
when  they  are  cnot  in  use.  Anvil  faces  must  be 
protected  from  damage  and  must  not  be  cleaned 
with  eme*yN  cloth  or  other  abrasive.. 


SQUARES- 


Squares  are -primarily- used  for  testing  and 
checking  truenetfs  df  an  angle  or  for  laying  out 
lines  on  matarials.  Most  squares  have  a  rule 
marked  on  their  edge.  As  a  result  they  may 
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also  be  used  for  measuring.  There  are  sev- 
eral types  of  squares  commonly  used  in  the 
.  Navy. 

CARPENTERS  SQUARE 

The  size  of  a  carpenter's  steel  square  (fig. 
3-45)  is  usually  12  inches  x  8  inches,  24  inches  x 
16  inches,  or  24  inches  x  18  inches.  The  flat 
sides  of  the  blade  and  the  tongue  are  graduated 
in  inches  andiractions  of  an  inch.  (The  square 
also  contains  information  that  helps  to  simplify 
;  or  eliminate  the  need  for  computations  in  many 
woodworking  tasks.)  The  most  common  uses 
for  this  square  are  laying  out  and  squaring  up 
large  patterns,  and  for  testing  the  flatness  and 
-squareness.^ Jarge  ^surfaces.^ Squaring  is  ac- 
complished by  placing  the  square  afrightangleT" 
to  adjacent  surfaces  and  observing  if  light 
"  shows  between  the  work  and  the  square. 

One  type  of  carpenter's  square  (framing)  has 
additional  tables  engraved. on  the  square.  With 
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Figure  3-46.— Common  try  square. 


SLIDING  T 
~~ a  BEVEL 


•  44.26 

Figure  3-47 .-Sliding  T- bevel. 


45* 

0  RAFTING 
TRIANGLE 


COMBINATION 
SQUARE 


SETTING  THE  T-BEVEL 
0 


44.26A 

Figure  3-48  .-Adjusting  a  sliding  T-bevel 
to  a  desired  setting. 


the  framing  square,  the  craftsman  can  perform 
calculations  rapidly  and  layout  rafters,  oblique 
joints  and  stairs. 

TRY^QUARE 

The  try  square  (fig.  3-46)  consijts  of  two 
parts  at  right  angles  to  each  other;  a  thick  wood 
or  iron  stock  and  a  4hin,  steel  blade.  Most  try 
squares  are  made  with  the  blades  graduated  in 
Incprapd  fractions  of  an  Inch.  The  blade  length 
varies  from  2  inches  to  12  inches.  This  square 
is  used  for  setting  or  checking  lines  or  sur- 
faces which  have  to  be  at  right  angles  to  each 
other. 

LIDING  T  BEVEL 

The  sliding  T-bevel  (fig.  3-47)  is  an  ad- 
justable try  square  with  a  slotted  beveled  blade. 
Blades  are  normally  6  or  8  inches  long.  The 
sliding  T-bevel-  is  used  for  laying  out  angles 
other  than  right  angles,  and  for  testing  con- 
structed an^s^such  as  bevels.  These  squares 
are  made  with  either  wood  or  metal  handles. 
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Figure  3-49  .-Testing  the  trueness 
of  a  bevel. 


Adjustments  » 

To  adjust  a  sliding  T-bevel  to  a  desired 
setting,  loosen  the  blade  screw,  at  the  round 
end  of  the  handle,  just  enough  to  permit  .the 
blade  to  slide~along  its  slot  and  to  rotate  with 
slight  friction. 

To  set  the  blade  at  a  45°  angle,  hold  the 
handle  against  a  framing  square,  as  shown  in 
figure  3-48A,  with  the  blade  intersecting  equal 
graduations  on  the  tongue  ,and  blade  of  the 
square.  Or:  hold  the  bevel  against  the  edges  of 
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Figure  3- 50.- Combination  Square  set* 


a  45*  drafting  triangle  as  shown  in  figure 
3-48B.  When  .using  drafting  triangles  for  set* 
ting  a  sliding  T-bevel,  different  size  triangles 
must  be  used  for  each  different  setting.  A  45* 
angle  can  also  be  set  by  using  the.  squaring  head 
of  a  combination  set  as  shown  in  figure  3~48C 
A  sliding  T-bevel  can  be  set  to  any  desired 
.  angle,  by  using  a  protractor.  Loosen  the  blfde 
screw  as  before,  and  hold  the  bevel- with  its 
blade  passing  through  the  graduation  selected, 
and  the  center  of  the  protractor  as  shown  at  (D) 
in  figure  3-48. 

* 

Constructed  Angle  Verification  # 

To  test  a  chamfer  or  bevel  for  trueness,  set 
the  T-bevel  to  the  required  angle,  and  hold  the 
handle  to  the  working  face  of  the  stock  being 
tested.  Face  a  source  of  light,  and  with  the 
blade  brought  into  contact  with  the  surface  to 
be  tested,  pass  the  blade  along  the  length  of  the 
surface.  (See  fig*  3-49.)- The  appearance  of* 
light  between  the  blade  and  the  surface  of  the 
stock  Indicates  where  the  angle  is  not  correct. 
Figure  3*49  indicates  the  checking  of  a  bevel, 
but  testing  the  trueness  of  a  chamfer  is  ac- 
complished in  the  same  way. 


COMBINATION  SQUARE 

A  combination  square  is  equipped  with  mov- 
able heads  called  a  SQUARE  HEAD, PROTRAC- 
TOR HEAD, and  a  CENTER  HEAD.  These  com- 
bine Ihe  functions  of  several  tools,  and  serve  a 
wide  variety  of  purposes;  (See^figa.  3-50  and 
3*51.)  Normally,  only  one  head  Is  used  at  a 
time.  ^  * 

The^SQUARE  HEAD  may  be  adjusted  to  any 
position  along  the  scale  and  clamped  securely 
In  place.  The  combination  ^square  can  thus 
serve  as  a  depth  gage,  height  gage,  or  scribing 
gage.  Two  of  the  faces  of  the  head  are  ground 
at  right  angles  to  each  other, and  a  third  face  at 
*45  degrees*  A  small  spirit  level  is  built  into 
the  head  for  checking  whether  surfaces  are 
plumb,  and  a  small  scriber  is  housed  in  a  hole 
in  the  end  of  the  head  for  marking  layout  lines* 

The  CENTER  HEAD  can  be  slid  on  to  the 
blade  in  place  of  the  squartf  head*  This  is  a  V- 
shaped  member  so  designed  that  the  center  of 
the  90  degree  V  will  lief  exactly  along  one  edge 
of  the  blade.  This  attachment  Is  useful  when 
locating  the  exact  center  of  round  stock*  ~ 

The  .PROTRACTOR  HEAD,  commonly  called 
a  bevel  protractor,  can  be  attached  to  the  scale, 
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B— LAYING  OUT  A  45*  ANGLE. 


□-DRAWING  ANGULAR  LINES. 


i-LOCATINC  A  $HAf  T  CENTER.  F-MEASURING  THE  DEPTH  OF  A  SLOT. 

Figure  3-51.-Combination  square  applications. 
100 
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Figure  3-52.-Types  q£  depth  gages. 


adjusted  to  any  position  on  it,  and  turned  and 
locked  at  any  desired  angle.  Angular  gradu- 
ations usually  read  from  0  to  180  degrees  both 
ways;  permitting  the'  supplement  of  the  angle  to 
be  read.  A  spirit  level  may  be  included  on 
some  models  forming,,  in  effect,  an  adjustable 
level  to  show  any  required  degree. 

Care  of  Squares 

Make  certain  the  blades,  heads,  dials,  and 
all  accessories  are  clean*  Apply  a  light  coat  of 
oil  on  all  metal  surfaces  to  prevent  rusting 
when  not  in  use*  Do  not  use  squares  for  pur- 
poses other  than  those  intended.  When  storing 
^squares,  or  bevels*  for  long  periods  of  time, 


44.27 

\ 


apply  a  liberal  amount  of  oil  or  rust-preventive " 
compound  to  all  surfaces,  wrap  in  oiled  paper 
or  cloth,  and  place  in  containers  or  on  racks 
away  from  other  tools. 

MISCELLANEOUS  GAGES 

There  are  .a  number  of  miscellaneous  gages. 
The  depth  gage,  feeler  gage,  thread  gage,  tele- 
scoping, gage,  dividers,  and  plumb  bob  are 
among  some  of  the  gages  that  will  be  discussed 
here. 

DEPTH  GAGE 

A  depth  gage  is  an  instrument  for  measuring 
thedepthof  holes,  slots,  counterbores,  recesses, 


101 


TOOLS  AMD  THEIR  USES 


PC" 

A  B,"  C 

44.74 

Figure  3-53.~Using  depth  gages. 


and  the  distance  from'  a  surface  to  some  re- 
cessed part.  The  RULE  DEPTH  GAGE  and  the 
MICROMETER  DEPTH  GAGE  are  the  most 
commonly  used  in  the  Nary.  (See  fig.  3-52.) 

The  rule  depth  gage  is  a  graduated  rule  with 
a  sliding  head  designed  to  bridge  a  hole  or  slot, 
and  to  hold  the  rule  perpendicular  to  the  sur- 
face on  which  the  measurement  is  taken.  This 
type  has  a  measuring  range  of  0  to  5  inches. 
The  sliding  head  has  a  clamping  screw  so  that  it 
may.  be  clamped  in  any  position  The  sliding 
head  has  flat  base  which  is  perpendicular  to 
the  axis  of  the  rule  and  ranges  in  size  from  2 
to  2  5/8  inches  in  width  and  from  1/8  to  1/4 
Inch  In  thickness. 

■  The  micrometer  depth  gage  consists  of  a 
flat  base  attached  to  the  barrel  (sleeve)  of  a 
micrometer  head.  These  gages  have  a  range 
from  0  to  9  inches,  depending  on  the  length  of 
extension  rod  used.  The  hollow  micrometer 
screw  (the  threads  on  which  *he  thimble  ro- 
tates) itseithas  a  range  of  either  1/2  or  1  inch. 
Some  are  provided  with  a  ratchet  stop.  The  flat 
base  ranges  in  size  from  2  to  6  inches.  Several 
extension  rods  are  normally  supplied  with  thiG , 
type  of  gage. 

To  measure  the  depth  of  a  hole  or  slot  with 
reasonable  accuracy,  use  a  depth  gage  as  shown 
in  figure  3-53A.  Hold;  the  body  of  the  depth 
gage  against  the  surface  from  which  the  depth 
is  to  be  measured  and  extend  the  scale  into  the 
hole  or  slot.  Tighten  the  aetscrew  to  maintain 
the  setting.  Withdraw  the  tool  from  the  work 
and  read  the  depth  on  the  scale. 

To  measure  the  depth  of  a  hole  or  slot  with 
more  accuracy  than  is  possible  with  art  ordi- 
nary depth  gage,  place  a  vernier  depth  gage 
over  the  slot  as  shown  in  figure  3-53B.  Notice 
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Figure  3-54.— Surface  gage. 
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the  clamping  screws  are  at  X  and  Y;  the  hori-' 
zontal  adjusting  screw  nut  is  at  Z.  With  X  and 
Y  loose,  slide  the  scale  down  into  the  slot  being 
measured  until  it  is  almost  in  contact.  Then 
tighten  X  to  inake  Z  operative.  With  Z,  adjust 
the  scale  to  the  "proper  feel"  and  secure  the 
setting  with  Y.  By  proper  feel  we  mean  the  ad- 
justment at  which  you  first  notice  contact  be- 
tween the  end  of  the  scale  and  the  bottom  of  the 
slot.  Then  read  the  setting  as  described  under 
"Reading  a  vernier  scale.** 

To  set  the  vernier  depth  gage  to  a  particular 
setting,  loosen  both  setscrews  at  X  and  at  Y 
and  slide  the  scale  through*  the  gage  to  the  ap- 
proximate setting/  Tighten  the  setscrew  at  X, 
turn  the  knurled  nut  at  Z  until  the  desired  set- 
ting is  made,  and  tighten  the  setscrew  at  Y  to 
hold  the  setting. 
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SURFACE 
PLATE 


Figure  3-55.-Setting  a  surface  gale 
to  height. 


To  measure  the  depth  of  a  hole  or  slot,  as 
•hown  in  figure  3-53C,  with  more  accuracy 
than  is  possible  with  either  an  ordinary  depth 
gage  or  a  vernier  depth  gage,  place  a  micro  m- 
fter  depth  gage  over  the  slot  and  adjust  the 
thimble  untU  the  contact  of  the  spindle  causes 
the  ratchet  stop  to  slip.  Remove  the  microm- 
eter from  the  work  and  read  the  micrometer. 
Remember,  if  extension 'rods  are  used,  the 
total  depth  reading  will  be  the  sum  of  the  length 
of  the  rods  plus  the  reading  on  th«  micrometer. 

SURFACE  GAGE 

A  surface  gage  is  a  measuring  tool  generally 
used  to  transfer  measurements .  to  work  by 
~-  •crlbing  a  line,  and  to  indicate  the  accuracy  or 
parallelism  of  surfaces. 

The  surface  gage  (fig..  3-54)  consists  of  a 
base  with  an  adjustable  spindle  to  which  may  be 
clamped  a  scriber  or  an  indicator.  Surface 
gages  are  made  in  several  sizes  andare  classi- 
fied by  the  length  of  the  spindle,  the  smallest 
spindle  being  4  inches  long,  the  average  9  6r  12 
inches. long  and  the  largest  18  inches.  The 
scriber  is  fastened  to  the  spindle  with  a  damp. 
The  bottom  and  the  front  end  of  the  base  of  the 
surface  gage  have  deep  V-igrooves  cut  in  them,  • 
which  allow  the  gage  to  be  seated  on  a  cylindri- 
cal surface. 


»  44.28 

Figure  3-56.-Surface  plate. 

The  spindle  of.  a  surface  gage  may  be  ad- 
justed to  any  position  with  respect  to  the  base 
and  tightened  in  place  with  the  spindle  nut.  The 
rocket  adjusting  screw  provides  for  the  finer 
adjustment  of  the  spindle  by  pivoting  the  spindle 
rocker  bracket.  The  scriber  can  be  positioned 
at  any  height,  and  in  any  desired  direction  on  the 
.spindle  by  tightening  the  scribV  nut.  The 
scriber  may  also  be  mounted  directly  in  the 
spindle  nut  mounting,  in  place  of  the  spindle, 
and  used  where  the  working  space  is  limited  and 
the  height  of  the  work  is  within  ranee  of  the 
scriber.  •  - 

«Tw  »  surface  gage  for  height,  first  wipe 
off  the  top  of  a  layout  table  or  surface  plate  and 
the  bottom  of  the  surface  gage.  Use  either  a 
combination  square  or  a  rule  with  rule  holder 
to  get  the  measurement.  A  rule  alone  cannot  be 
held  securely  without  wobbling  and  consequently 
an  error  in  setting  generally  results.  Beeause 
a  combination  square  is  generally  available,  its 
Jjse  for  setting  a  surface  gage  is  explained  in 
this  section.  " 

Place  the  squaring  head  of  a  combination 
•  square  on  a  flat  surface  as  shown  In  figure 
3-55,  and  secure  the  scale  so  that  the  end  is  in 
contact  with  the  surface.  Move  the  surface 
gage  into  position  and.  set  the  scriber  to  the 
approximate  height  required,  using  the  adjusting 
clamp  that  holds  the  scriber  onto  the  spindle. 
Make  the  final  adjustment  for  the  exact  height 
required  (4  1/2.  inches  in  this  case)  with  the. 
adjusting  screw  on  the  base  of  the  gage.. 

SURFACE  PLATE 

A  surface  plate  provides  a  true,  smooth, 
plane  surface,  ft  is  a  flat-topped  steel  or  cast 
Iron  plate  that  is  heavily  ribbed  and  reinforced 
on  the  under  side.  (See  fig.  3-56.)  It  is  often 
used  in  conjunction  with  a  surface  gage  as  a 
level  base  on  which  the  gage  and  part  to  be 
measured  are  placed  to  obtain  accurate  meas- 
urements. The  surface  plate  can  also  be  used 
for  testing  parts  that  must  have  flat  surfaces. " 
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Figure  3-57.— Testing  a 
surface  for  flatness. 


\  38.33 
Figure  3-56*— Using  prussian  blue 
to  aid  in  testing  a  flat  surface. 


44.95 

Figure  3-59.-Checking  the  conformity 
of  a  flat  surface. 


4a9 

Figure  3-60.— Thickness  gages. 


To  test  a  surface  for  flatness,  carefully 
clean  it  and  remove  all  burrs.  Then  place  the 
surface  of  the  object  on  a  flat  area  such  as  the 
surface  plate  in  figure  3-57.  Any  rocking  mo- 
tion that  is  apparent  will  indicate  a  variance 
from  flatness  of  the  piece  being  tested. 

Fos  very  fine  work,  lightly  coat  the  surface 
plate  with  prusslan  blue  (bearing  blue)  and  move 
die  piece  being  tested  across  the  blue  surface. 
(See  fig.  3*58.)  The  low  spots  on  the.  surface 
being  tested  will  not  take  the  blue;  the  high 
spots  will.  See  insert  in  figure  3-58. 

To  determine  how  much  variation  there  is 
from  flatness— and  where  it  is- you  can  insert 
leaves  of  a  thickness  gage  to  determine  the 
amount  of  variation  of  flatness.  Remember  to 
add  the  thickness  of  all  leaves  together  to  get 
the  total  variation.  (See  fig.  3-59.) 

A  surface  also  may  be  tested  for  flatness 
with  a  straightedge.  To  do  this,  clean  the  sur- 
face thoroughly  and  hold  the  straightedge  on  the 
surface  in  several  places  as  you  look  toward 
a  source  of  light.  The  light  showing  between 


the  surface  being  tested  and  the  straightedge 
will  reveal  the  low  spots. 

Care  of  Surface  Plates 

The  surface  plate  should  be  covered  when 
not  in  use  to  prevent  scratching,  nicking,  and 
denting.  K  must  be  handled  carefully  to  prevent 
warping  (twisting).  Never  use  the  surface  plate 
as  an  anvil  .or  workbench— except  for  precision 
layout  work  (marking  and  measuring). 

THICKNESS  (FEELER)  GAGE 

.  Thickness  (feeler)  gages  are  used  for  check- 
ing and  measuring  small  openings  such  as  con- 
tact point  clearances,  narrow  slots,,etc.  These 
gages  are  made  in  many  shapes  and  sizes  and, 
as  shown  in  figure  3-60,  thickness  gages  can  be 
made  with  multiple  blades  (usually  2  to  26). 
Each  blade  is  a  specific  number  of  thousandths 
of  an  inch  thick.  This  enables  the  application  of 
one  tool  to  the  measurement  of  a  variety  of 
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Figure  3-eii-Screw  pitch  gage. 


GAGING  SINGLE 
PITCH  EXTERNAL 
THREAD 


GAGING  INTERNAL 
THREAD 

.Figure  3-62.rUslng  zacS£ 
pitch  gage. 

thicknesses.  Some  thickness  gage  blades  are 
straight,  while  others  are  bent  at  45. and  90  de- 
gree angles  at  the  end.  Thickness  gages  can 
also  be  grouped  so  that  there  are  several  short 
and  several  long  blades  together.  Before  using 
a  feeler  gage,  remove  any  foreign  matter  from 
the  blades.  You  cannot  get  a  correct  measure- 
ment unless  the  blades  are  clean. 

When  using  a  feeler  gage  consisting  of  a 
number  of  blades,  insert  various  blades  or 


SHEET 
METAL 

(NON-FERROUS) 


WIRE 
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Figure  3-63.-Using  a  wire  gage* to 
measure  wire  and  sheet  metal. 

combinations  of  blades  between  two  surfaces 
until  a  snug  fit  is  obtained.  The  thickness  of 
the  individual  blade  or  the  total  thickness  of 
ALL  THE  BLADES  USED  is  the  measurement 
between  the  surfaces. 

Care  of  Thickness  Gages 

Handle  the  blades  with  care  at  all  times. 
Keep  from  forcing  the  blades  into  openings  that 
are  too  small  for  them.  Some  blades  are  very 
thin  and  can  be  bent  or  kinked  easily.  Blade, 
edges  and  polished  surfaces  are  also  easy  to 
damage.  When  not  using  a  thickness  gage,  keep 
it  closed. 

THREAD  GAGE 

Thread  gages  (screw-pitch  gages)  are  used 
to  determine  the  pitch  and  number  of  threads 
per  inch  of  threaded  fasteners.  (See  fig.  3-61.) 
They  consist  of  thin  leaves  whose  edges  are 
toothed  to  correspond  to  standard  thread 
sections. 

To  measure  the  unknown  pitch  of  a  thread, 
compare  it  with  the  standards  of  the  screw 
pitch  gage.  Hold  a  gage  leaf  to  the  thread  being 
measured  (fig.  3-62),  substituting  various  sized 
until  you  find  an  exact  fit.  Look  at  the  fit  toward 
a  source  of  light  for  best  results. 

The  number  of  threads  per  inch  is  indicated 
by  the  numerical  value  on  the  blade  which  is 
found  to  fit  the  unknown  threads.   Using  this 
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Table  3-2.— Wire  and  Sheet  Metal  Gages 

44.203 


.340 
.300 
.284 
.259 
.238 
.220 
.203 
.100 
.165 
.146 
.134 
.120 
.100 
.095 
.083 
.072 
.065 
•058 
.049 
.042 
.035 
•032 
.028 
.025 
.022 
.020 
.018 
.016 
.014 
.013 
.012 
.010 
.009 
.008 
.007 
.005 
.004 


Skmc(for 


.3249 
.•2893 
.2576 
.2294 
.2043 
.1819 
.1620 
.1443 
.1285 
.1144 
.1019 
•0907 
•0808 


•0508 
.0452 
.0403 
.0359 
.0319 
•0284 
.0253 
•0225 
.0201 
.0179 
.0159 
.0142 
.0126 
.0112 
•0100 
•0089 
•0079 
.0071 
.0063 
.0056 
.0050 


US.Sta»4*r4 
Jpc  sheet 
«a4p*ttt 


•3125 
.2812 
•2556 
.2500 
.2343 
•2187 

•  2031 
.  1876 
.1718 
.1562 
.1406 
.1250 

•  1093 
.0937 

•  0781 
•0703 
.0625 
.0562 
.0500 
.0437 
.0375 
•0343 
•0312 

•  0281 
.0250 
•0218 
•0187 
•0171 
•0156 

•  0140 
•0123 
•0109 
•0101 

•  0093 

•  0095 

•  0078 

•  0070 


S**4wii* 


•3065 
,2830 
.2625 
.2437 
.2253 
•2070 
.1920 
.1770 

•  1620 

•  1483 
.1350 
.1205 

•  1055 
.0915 
•0800 

•  0720 

•  0625 
•0540 

•  0475 
.0410 
.0348 
.0317 
.0286 
•0258 
•0230 
•0204 
.0181 
.0173 
.0162 
.0150 
.0140 
.0132 
.0128 
.0118 
.0104 
•0095 
.0090 


value  as  a  basis,  correct  sizes  of  nuts,  bolts, 
tap  cutters,  and  die  cutters  are  selected  for 
use.  • 

WIRE  GAGE 

vThe  wire  gage  shown  in  fig.  3-63,  is  used 
for  measuring  the  diameters  of  wires  or  the 
thickness  of  sheet  metal.  This  gage  is  circular 
in  shape  with  cutouts  in  the  outer  perimeter-. 
Each  cutout  gages  a  different  size  from  No.O  to 
No.  36*  Examination  of  the  gage  will  show  that 
tjie  larger  the  gage  number,  the  smaller  the 
diameter  or  thickness*  .  . 

Gages  similar  to  the  one  shown  in  figure 
3-83  are  available  for  measuring  a  variety  of 


44*29 

Figure  3-64.— Small  hole  and 
telescoping  gages. 


wires  and  sheet  metals.  The  names  of  some 
common  standard  wire  gages  and  their  uses 
are  given  in  the  column  headings  of  table  3-2. 
The  body  of  this  table  contains  gage  numbers 
and  their  corresponding  equivalents  in  decimal 
fractions  of  an  inch. 

Wire  diameters  may  also  be.  expressed  in 
mils  as  well  as  by  gage  numbers.  One  mil 
equals  one  thousandth  of  an  inch.  Each  decimal 
equivalent  in  table  3-2  pan  be  converted  to  mils 
by  multiplying  by  1,000.  For  example,  the  cir- 
cled decimal  in  the  table  is  equivalent  to  .0640  x 
1000  or  64  mils. 

To  use  table  3-2,  you  select  from  the  four 
gages  listed  in  the  table  the  one  that  applies  to 
the  sheet  of  metal  or  wire  you  want  to  gage. 
For  instance,  column  2  of  the  table  tells  you 
that  the  American  Wire  Gage  shown  in  figure 
3-63  is  the  one  to  use  for  nonferrous  sheet  or 
wire.  Notice  that  each  of  the  four  gages  has  its 
own  decimal  equivalent  for  a  particular  jage 
number.  * 

To  measure  wire  size,  apply  the  gage  to  the- 
wire  as  shown  in  figure  3-63.  Do  not  force  the 
wire  into  the  slot.  Find  the  slot  that  refuses  to 
pass  the  wire  without  forcing.  Then,  try  the 
next  larger  slot  until  one  is  found  that  passes 
the  wire.  This  is  the  correct  size.  Remember, 
your  measurements  are  taken  at  the  slot  portion 
of  the  cutout  rather  than  the  inner  portion  of  the 
gage.  Now  that  you  have  the  gage  number  turn 
your  gage  over  and  rpad  the  decimal  equivalent 
for  that  number. 

To  measure  the  gage  of  a  piece  of  metal, 
first  remove  any  burr  from  the  place  where  you 
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bJr  ir^r-TELESCOPED 
-  Bf    fiSjJ  POSITION 

H^Sfe^  LOCKING 

44.29.2  * 
Figure  3-65.— Using  a 
telescoping  gage. 


44.29.1 

Figure  3-66.— Measuring  the 
diameter  of  a  hole  with  a  - 
small  hole  gage. 


intend  to  apply  the  gage.  Then  select  the  ap- 
propriate gage  for  the  metal  to  be  measured. 

After  the  right  gage  has  been  selected,  apply 
the  gage  to  the  wire,  or  to  the  edge  of  the  sheet 
as  shown  in  figure  3-63.  The  number  opposite 
the  slot  that  fits  the  wire  or  sheet  is  its  gage . 
number.  The  decimal  equivalent  is  stamped  on 
the  opposite  lace  of  the  gage. 

TELESCOPING  GAGE 

Telescoping  gages  are  used  for  measuring 
the  inside  size  of  slots  or  holes  up  to  6  inches 
in  width  or  diameter.  They  are  T-shaped  tools 
in  which  the  shaft  of  the.  T  is  used  as  a  handle, 
and  the  crossarm  used  lor  measuring.  (See  fig. 
3-64.)  The  crossarms  telescope  into  each 
other  and  are  held  out  by  a  light  spring.  To  use 
the  gage~tl»rarme  arr~compr#eaed,  placed  in 
the  hole  to  be  measured*  and  allowed  to  expand. 
A  twist  of  the  locknut  on  top  of  the  handle  locks 
the  arms.  The  tool  may  then  be  withdrawn  and 
the  distance  across  the  arms  measured. ; 

These  tools  are  commonly  furnished  in  sets, 
the  smallest  gage  for  measuring  the  distances, 
from  5/16  to  1/2  inch,  and  the  largest  for  dis- 
tances from  3  1/2  to  6  inches. 


HCAO 


'  44.30 

Figure  3-67.— Marking  gages. 


To  measure  the  diameter  of  a  hole  from 
1/2"  to  6"  in  diameter,  select  from  a  set  of 
telescoping  gages  the  one  whose  range  includes 
the  site  you  need.  Loosen  the  knurled  nut  at 
the  end  of  the  handle;  and  telescope  the  adjust- 
able end  of  the  gage  to  a  size  slightly  smaller 
than  the  hole  and  retighten  the  nut.  Insert  the 
gage  into  the  hole  as  shown  in  figure  3-65, 
loosen  the  nut  to  permit  the  spring-loaded  ad- 
justable end  to  expand  to  the  hole  diameter,  and 
tighten  the  nut.  The  spring  loaded  contact  of  the 
adjustable  end  will  assure  proper  contact;  Blake 
sure,  however,  that  the  gage  is  held  with  the 
telescoping  end  at  right  angles  to  the  axis  of 
the  hole  to'  measure  the  true,  maximum  diam- 
eter.' Remove  the  gage  and  measure  the  setting 
with  an  outside  micrometer  caliper. 

SMALL  HOLE  GAGE 

For  measuring  smaller  slots  or  holes  than 
the  telescoping  gages  will  measure,  'small  hole* 
gages  can  be  used.  These  gages  come  In  sets 
of  four  or  more  ai*d  will  measure  distances  of 
approximately  1/8  to  1/2  inch. 

The  small  hole  gage  (fig.  3-64)  consists  of  a 
~fmali;  split,  ball-shaped  memoer  mounted  on 
the  end  of  a  handle.  The  ball  is  expanded  by 
turning  a  knurled  knob  on  the  handle  until  the 
proper  feel  is  obtained  (the  slight  drag  of  the 
ball  end  on  the  sides  of  the  hole).  The  gage  Is 
then  withdrawn  (fig.  3-66)  and  the  size  of  the 
ball- shaped  member  on  the  end  of  the  gage  can 
be  measured  with  an  outside  uterometer  cali- 
per. On  some  types  of  small  hole  gages,  the 
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Figure  3-88*— Using  tht  marking  gage* 


4U8 

Figure  3-69.-Setting  a  divider 
to  a  desired  radius. 


the  ball  ts  flattened  at  the  bottom  near  the  cen- 
terline  to '  permit  use  in  shallow  holes  and 
recesses. 

MARKING  GAGES 

A  marking  gage  is  used  to  mark  off  guide- 
line* parallel  to  an  edge,  end,  or  surface  of  a 
piece  of  wood  or  metal.  ft  has  a  sharp  spur  or 
pin  that  does  the  marking. 

Marking  gages  (fig.  3-87)  are  made  of  wood 
or  steel.  They  consist  of  a  graduated  beam 


Figure  3-70.— Scribing  a  circle 
with  a  divider. 


"  28.4K 

Figure  3-71.-Setting  a  divider 
with  a  vernier  caliper. 


about  8  inches  long  on  which  a  head  slides.  The 
head  can  be  fastened  at  any  point  on  the  beam 
by  means  of  ay  thumbscrew.  The  thumbscrew 
presses  a  brass  shoe  tightly  against  the.  beam 
and  locks  it  firmly  in  position.  The  steel  pin 
or  spur  that  does  the  marking  projects  from 
the  beam  about  1/18  inch. 

To  draw  a  line  parallel  to  an  edge  with  a 
marking  gage;  first  determine  the  distance  the 
line  must  be  from  the  edge  of  the  stock.  Adjust 
the  marking  gage  by  setting  the  head  the  de- 
sired distance  from  the  spur.  Although  the  bar 
of  a  marking  gage  is  graduated  in  Inches,  the 
spur  may  work  loose  or  bend.  If  this  occurs, 
accurate  measurement  should  be  made  with  a 
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Figure  3-72;- Plumb  bobs.  29.256AX 


rule  between  the  bead  and  spur.  (See  fig. 
3-68A.)  To  draw  a  line  after  setting  the  gage, 
grasp  the  bead  of  the  gage  with  the  palm  and 
fingers  as  shown  in  figure  3-68B;  extend  the 
thumb  along  the  beam  towards  the  spur.  Press 
the  head  firmly  against  the  edge  of  the  work  to 
be  marked,  and  with  a  wrist  motion  tip  the  gage 
forward  until  the  spur  touches  the  work.  Push 
the  gage  along  die  edge  to  mark  the  work,  keep* 
ing  the  head  firmly  against  the  edge  of  the  work. 

DIVIDERS  . 

Dividers  are  useful  instruments  for  trans* 
I  erring  measurements  and  are  frequently  used 
In  scribing  arcs  and  circles  in  layout  work. 

To  lay  out  a  circle  with  «c  divider,  set  the 
divider  at  the  desired  radius,  using  a  rule  as 
Aown  4n  figure  3-69.  Note  that  the  3- inch 
radius  being  set  here  Is  being  taken  at  a  central 
portion  rather  than  at  the  end  of  the  rule.  This 
reduces  the  chance  of  error,  as  each  point  of 
the  dividers  can  be  set  on  a  graduation. 

Place  one  leg  of  the  divider  at  the  center  of 
the  proposed  circle,  lean  the  tool  in  the  direc- 
tion it  wiU  be  routed,  and  route  it4  by  rolling 
the  knurled  handle  between  your  thumb  and  in* 
dex  finger  (fig.  3-70). 

Vernier  calipers,  which  have  two  center 
points  similar  to  prick  punch  marks  are  par* 
ticularly  useful  in  setting  a  divider  to  exact 
dimensions.  One  center  point  will' be  found  near 
the  zero  end  of  the  scale  on  the  rule.  The  other 
point  is  In  line  with  the  first  and  to  the  left  of 
the  zero  on  the  vernier  scale.  (See  fig.  3*71.) 


'  29.268 

Figure  3-73.— Plumb  bob, 
cord,  and  target. 

Set  and  secure  the  desired  setting  on  the 
vernier  caliper  and  adjust  the  divider  until 
both  points  readily  enter  the  center  points  on 
the  vernier  caliper  as  shown  in  figure  3-71. 

PLUMB  BOB 

A  plumb  bob  (fig.  3*72)  is  a  pointed,  tapered 
brass  or  bronze  weight  which  is  suspended 
from  a  cord  for  determining  the  vertical  or 
plumb  line  to  or  from  a  point  on  the  ground. 
Common- weights  for  plumb  bobs  are  6,8,  10, 
12, 14,16;  18,  and  24  oz.^ 

A  plumb  bob  is  a  precision  instrument  and 
must  be  cared  for  as  such.  If  the  tip  becomes 
bent,  the  cord  from  which  the  bob  is  suspended 
will  not  occupy  the  true  plumb  line,  over  the 
point,  indicated  by  the  tip.  A  plumb  bob  usually 
has  a  deUchable  tip,  as  shown  in  figure  3-72, 
so  that  if  the  tip  should  become  damaged  it  can 
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POINT  A. 


Figure  3-74.— Locating  apoint 

with  a  plumb  bob.  44*91 


44*92 

Figure  3-75*—  Plumbing  a  structural 
member  with  a  plumb  bob* 

be  renewed  Without  replacing  the  entire 
instrument* 

The  cord  from  a  plumb  bob  can  be  made 
more  conspicuous,  for  observation  purposes, 
by  attachment  of  a  red-and-whtte~target-as- 
shown  in  figure  3-73. 

The  plumb  bob  is  used  in  carpentry  to  deter- 
mine true  verticality  when  erecting  vertical  up- 
rights and  corner  posts  of  framework.  Survey- 
ors use  it  for  transferring  and  lining  up  points* 

To  locate  a  point  which  is  exactly  below  a 
particular  point  in  space,  when  working  ashore 
or  on  a  ship  in  drydock,  secure  the  plumb  bob 
string  to  the  upper  *  point,  such  as  A  in  figure 


-Q 


3« 


CHECKING  FOR  TRUE 
HORIZONTAL 


SCALE  GRA0UAT10N 

BUBBLE 


3 


BUBBLE  CENTEREO 
BETWEEN  LINES 


CHECKING  FOR  TRUE 
*  VERTICAL 


Figure  3-76.— Horizontal  and  vertical 
use  of  level. 


29*13 


3-74*  When  the  plumb  stops  Swinging*  the  point 
as  indicated  at  B  in  the  illustration,  will  be  ex- 
actly below  A* 

To  plumb  a  structural  member,  or  an  elec- 
trical conduit,  as  shown  by  figure  3-75,  secure 
the  plumb  line  A  so  that  you  can  look  at  both  the 
line  and  piece  behind  the  line*  Then,  by  sight- 
ing, line  up  the  member  or  conduit  with  the 
plumb  line.  ; 

If  this  cannot  be  done,  it  may  be  necessary 
to  secure  the  plumb  line  at  some  point  such  as" 
B,  and  then  measure  thtf  offset  from  the  line  to 
the  piece  at  two  places  so  that,  for  example,' C 
and  D  In  figure  3-75  are  equal*  If  the  distances  . 
between  C  and  O  are  not  equal,  adjust  the  struc- 
-tural-roember  or  conduit  untttjhey  are* 

LEVELS 

Levels  are  tools  designed  to  prove  whether 
a  plane  or  surface  is  true  horizontal  or  true 
.vertical*  Some  precision  levels  are  calibrated 
so  that  they  will  indicate  in  degrees,  minutes, 
and  seconds,  the  angle  inclination  of  a  surface 
in  relation  to  a  horizontal  or  vertical  surface* 
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>>> 


Figure  3-77  .-Leveling  a  bench. 


The  level  is  a  simple  instrument  consisting 
of  a  liquid,  such  as  alcohol  or  Chloroform, 
partially  filling  a  glass  vial  or  tube  so  that  a 
bubble  remains.  The  tube  is  mounted  in  a 

.  frame  which  may  be  aluminum,  wood,  or  iron. 
Levels  are  equipped  with  one,  two,  or  more 
tubes.  One  tube  is  built  in  the  frame  at  Tight 
angles  to  another  (fig,  3-76).  The  tube  indicated 
in  figure  3-76  is  slightly  curved,  causing  the 
bubble  to  seek  always  the  highest  point  in  the 
tube.  On  the  outside  of  the  tube  are  two  sets  of 
graduation  lines  separated  by  a  space.  Leveling 
is  accomplished  when  the  air  bubble  is  centered 
between  the  graduation  lines. 

To  level  a  piece  of  equipment,  such  as  thel 
workbench  in  figure  3-77,  with  a  carpenters 
level,  set  the  level  on  the  bench  top  parallel  to 
the  front  edge  of  the.  bench.  Notice  that  the 
level  has  several  pairs  of  'glass  vials.  Regard- 
less  of  the  position  of  the  level,  always  watch 
the  bubble  in  the  bottom  vial  of  a  horizontal 
pair.  Shim  or  wedge  up  the  end  of  the  bench 
that  will  return  that  bubble  to  the  center  of  its 

.  vial;  Recheck  the  first  position  of  the  level  be- 
fore securing  the  shims  or  wedges. 

To  plumb  a  piece  of  equipment,  such  as  the 
drill  press  shown  in  figure  3-78, place  the  level 


4,29 

Figure  3-78.- Plumbing  a  piece  of 
equipment  with  a  level. 

on  the  side  and  on  the  front  of  the  main  column 
of  the  press.  Figure  3*78  shows  the  level  on 
the  side.  Use  shims  as  necessary  to  bring  the 
bubble  in  the  lower  vial  pf  either  pair  of  the 
horizontal  vials  to  the  center  In  each  case. 

Levels  must  be  checked  for  accuracy.  This 
Is  readily  accomplished  by  placing  the  level  on 
a  true  horizontal  surface  and  noting  the  vial  in- 
dication. Reverse  the  level  end'for  end.  If  the 
bubble  appears  on  one  side  of  the  graduations 
with  reference  to  the  operator  on  the  first  read- 
ing and  on  the  other  side  for  the  second  reading, 
the  level  is  out  of  true  and  must  be  adjusted. 

Do  not  drop  or  handle  a  level  roughly.  To 
prevent  damage,  store  it  in  ^  rack  or  other 
suitable  place  when  not  in  use. 
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CHAPTER  4 

FASTENING  COMPONENTS  AND  PROCEDURES 


This  chapter  will  discuss  a  variety  of  fas* 


teiflng  aevteos  ami  procedures  sn_tfaat  you  will 
be  able  to,  identify,  select,  and  use  the  proper 
fasteners  on  specific  Jobs.  Tour  knowledge 
of  these  fasteners  will  also  enable  you  to  per- 
form assembly  and  disassembly  work  accu- 
rately, swiftly,  and  safely  with  proper  tools. 
Furthermore,  you  will  be  able  to  minimize  the 
effects  of  ship  and  aircraft  vibration  on  these 
fasteners  by  using  several  safetying  methods. 

All  fasteners  are  designed  for  one  purpose-* 
to  attach  components  together  securely.  Some 
are  used  advantageously '  in  woodworking. 
Others  have;  special  applications  for  fastening 
metal  parts.  Still  others,  are  used  to  acceler-, 
ate  fastening  and  unfastening  panels.  Let's 
examine  the  distinctions  between  various  kinds. 

WOODWORKING  FASTENERS 

Before  the  development  of  nail-making, 
screw-making  and  *  bolt-making  machinery, 
wooden  members  were  held  together  by  various 
types*  of  Interlocking  Joints  that  were  rein- 
forced with  glue  and  wooden  dowels.  (A  dowel 
is  a  cylindrical  pin  which  is  driven  Into  a  hole 
bored  to  receive  It,  and  which  serves  much  the 
same  purpose  as  a  nail.)  Glued  Joints  and  Joints 
fastened  with  wooden  dowels  are  now  confined 
mainly  to  furniture.  \ 

NAILS 

Nails  achieve  their  fastening  or  holding 
power  when  they  displace  wood  fibers  from 
their  original  position.  The  pressure  .exerted 
against  the  nail  by  these  fibers,  as  they  try  to 
spring  back  to  their  original  position,  provides 
the  holding  power. 

The  usual  type  of  shank  is  round,  but  there 
are  various  special-purpose  nails  with  other 
types  of  shanks.  -  Nails  with  square,  triangular, 
longitudinally  grooved  and  spirally  grooved 
shanks  have  a  much  greater  holding  power  than 
smooth  round  wire  nails  of  the  same  size. 

"The  lengths  of  the  most  commonly  used 
nails  are  designated  by  the  PENNY  system. 


an  inch  instead  of  in  i 
Figure  4-1  shows  ] 
wire  nails.  The 
have  a  deep  counter! 
be  "set"  below  the 


The  abbreviation  for  the  word  "penny"  is  the" 
letter  "d."  Thug  the  expression  "a  2d  nail" 
meanm  a  two-penny  nalL  The  penny  sizes  and 
corresponding  length?  and  thlcknesseilffi  gage 
sizes)  of  the  cominon  nails  are  shown  In  table 
4-1.  The  thickness  of  a  nail  Increases  and  the 
number  of  nails  p^r  pound  decreases  with  the 
penny  size.     *  \ 

Nails  larger  than  20d  are  called  spikes  and 
are  generally  designated  by  their  length  in 
Inches  (such  as  S  inches  or  6  1/2  Inches);  nails 
smaller  than  2d  are  ^designated  In  fractions  of 
lie  penny  system, 
le  more  common  types  of 
►  and  the  FINISH  hail  both 
;  head  thatls  designed  to 
irface  of  the  .work. .  These 
nails  are  used  for /Interior  and  exterior  trim- 
work  where  the  wills  are  "set"  and  puttied  to 
*  conceal  their  location.  The  CASING  nail  Is  used 
for  the  same  purpose,  but  because  of  Its  flat 
countersink  head;  may  be  driven  Audi  and  left 
that  way.  < 

The  other  nails  shown  In  figure  4-1  are  all 
flat-headed,  without  countersinks.  One  of  these 
Oat-headed  nails  (called  the  COMMON  nail)  Is 
one  of  the  most  widely  used  In  general  wood 
construction.  Nails  [with  large  flat  heads  are. 
used  for  nailing  roof  paper,  plaster  board,  and 
similar  thin  or  soft  materials.  DUPLEX  or 
DQUBLE-HEADEP  nails  are  used  for  nailing 
temporary  structures,  such  as  scaffolds,  Which 
\  are  eventually  to  be  dismantled.  When  using 
'  the  double-headed  nail  It  Is  driven  to  the  lower 
head  so  that  It  ca$  be  easily  drawn  at  a  later 
time. 


WOOD  SCREWS 

-  V 

Screws  have /several  advantages  over  nails. 
They  may  be  easily  withdrawn  at  any  time  with* 
out  injury  to  tnex  material.  They  also  hold  the 
wood  more  securely,  can  be  easily  tightened 
and,  generally!,  are  neater  In  appearance. 

Wood  screws  arexdeslgnated  by  material, 
type  of  head  ulg.  4-2),  and  size. 


\ 


Moat  wood  screw*  art  mad*  of  steel  op 
brass,  but  other  metals  are  used  as  well.  Cost 
or  special  purpose  application  will  determine 
the  selection  of  the  material  to  be  used. 

The  size  of  an  ordinary  wood  screw  is  indi- 
cated by  the  length  'and  body  diameter  (un-> 
threaded  part)  of  the  screw.  Figure  4-3  shows 
the  nomenclature  and  the  three  most  common 
types  of  wood  screws.  Notice  that  the  length  is 
always  measured  from  the  point  to  the  greatest 
diameter  of  the  head. 

.  Body  diameter*  are  designated  by  gage  num- 
bers, running  from  0  (for  about  a  1/16  in.  diam- 
eter) to  24  (for  about  a  3/8-ln.  diameter). 

Designation  of  length  and  gage  number  ap- 
pear as  »l  1/4-9".  This,  means  a  No.  ft  screw 
1 1/4  inches  long. 

As  a  general  rule,  the  length  of  a  screw  for 
holding  two  pieces  of  wood  together  should  be 
such  that  the  body  extends  through  the  piece 
being  screwed  down  so  the  threaded  portion 
will  then  enter  the  other  piece.  The  wood  screw 


simply  passes  through  the  hole  in  the  top  piece 
and  the  threads  take  hold  in  the  bottom  piece. 
See  figure  4-4. 

BOLTS 

A  bolt'  is  distinguished  from  a  wood  screw 
by  the  fact  that  it  does  not  thread  Into  the  wood, 
but  goes  through  and  is  held  by  a  nut  threaded 
onto  the  end  of  the  bolt.  Figure  4-5  shows  the 
four  common  types  of  bolts  used  In  woodwork- 
ing. STOVE  bolts  art  rather  small,  ranging  in 
length  from  3/8  In.  to  4  in.,  and  in  body  diam- 
eter from  1/8  in.  to  3/8  in.  CARRIAGE  AND 
MACHINE  bolts  run  from  3/4  in.  to  20  in.  long, 
and  from  3/16  in.  to  3/4  in.  in  diameter.  (The 
-  carriage  bolt  has  a  square  section  below  the 
head,  which  is  imbedded  in  the  wood  to  prevent 
the  bolt  from  turning  as  the  nut  is  drawn  up.) 
The  machine  bolt  has  a  hexagon  or  square  head 
which  is  held  with  a  wrench  to  prevent  it  from 
turning. 
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BRAD 


FINISH  NAIL 


CASING  NAIL 
 \  


BOX  NAIL 


«H*ltt« 


ROOT  800Y 
DIAMETER  DIAMETER 

LENGTH-  » 

FLAT  HEAD 


T 

DIAMETER 
OF  HEAD 


.  LENGTH 
ROUND  HEAD 


COMMON  NAIL 


3C 


1] 


mill  i 


SPIKEILARGER  THAN  60 d) 


MMHT|j 


DUPLEX  HEAD  NAIL 

29U21A 

Figure  4-1. -Nail  rarieties. 


(D(D'(D©^ 


TT  f  t  TT  JB 

PCAT  Mf  AS  AOUHOMIAP  OVAL  Hf At)  *WLLI*S  HtAO  LAC 

29.123A 

Figure  4-2. -Wood screw  heads. 


LENGTH  - 
OVAL  HEAD 


29.123JH 

Figure  4-3.— Nomenclature  and 
1     -  types  of  woodscrews. 


29.133G 

Figure  4-4.-tUstng  a  woodscrew 
to  hold  two  pieces  of  wood 
together/ 
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-  METAL  FASTENING  DEVICES 

Many,  mechanism*  and  dertces  are  held  to* 
gttber  with  metal  fasteners.  Only  the  more 


commonly  used  fasteners  will  be  discussed  here 
so  you  will  know  when,  wherje,  and  how  they 
should  be  'used.  For  example,  if  a  flat' point 
setscrew  is  used  when  specifications  called  for 
a  cone  point  an  important  installation  might  fail 
at  a  crucial  moment. 
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MACHINE  BOLTS 


STOVE  BOLTS 

2S.124X 
Figure  4-5.4.BoltS.- 


■  HI  *J  ■ 

Table  4-2.- Screw  Threads  per  Inch 

44.217 


Diameter 


No. 


0 
1 
2 
3 
4 
5 
6 
8 
10 
12 


A    BOLT  CRIP  LENGTH  CORRECT 


Inch 


1/4  . 

5/16 

3/8 

7/16 

1/2 

9/16 

5/8 

3/4 

7/8 

1 


Threads  Per  Inch 


Decimal 
Equivalent 


.0600 
.0730 
.0860 
.0090 
.1120 
.1250 
.1380 
.1640 
.1900 
.2160 
.2500 
.3125 
.3750. 
.4375 
.5000 
.5625 
.6250 
.7500 
.8750 
1.0000 


NC 


64 
56 
48 
40 
40 
32 
32 
24 
24 
20 
18 
16 
14 
13 
12 
11 
10 
9 
8 


NF 


80 

72 

64 

56 

48 

44 

40 

36 

32 

28 

28 

24 

24 

20 

20 

18 

18 

16 

14 

14 


EF 


40 

36 
32 
32 
28 
28 
24 
24 
20 
20 
20 


■bTih 


B  BOLT  GRIP  LENGTH  TOO  SHORT 


€   BOLT  CRIP  LENGTH  TOO  LONG 


<».12i(44B) 

Figure  4-6.— Correct  and  in- 
correct grip  lengths. 


Metal  parts  can  be  fastened  together  with 
various  fastening  devices,  such  as  rivets,  bolts, 
screws,  etc.  Rivets  provide  a  more  permanent 
type  of  fastening  whereas  bolts  and  screws  are 
used  to  fasten  together  parts  that  may  have  to 
be  taken  apart  later. 

BOLTS 

When  installing  bolts,  always  be  certain  to 
install  the  bolt  with  its  head  in  the  direction  of 
flight  (in  aircraft)  or  whenever  possible,  install 
it  with  the  head  UP.  This  way;  if  the  nut  has 
been  improperly  secured  or  is  shaken  loose  by 
vibration  and  fails  off,  the  bolt  will  remain 
within  the  part  and  continue  to  retain  its  holding 
capability  although  the  nut  is  missing. 

Be  certain  that  the  grip  length  of  the  bolt  is 
correct.  The  grip  length  is  the  length  of  the  un- 
threaded portion  of  the  bolt  shank.  Generally 
speaking,  the  grip  length  should  equal  the  thick- 
ness of  the  material  which  is  being  bolted  to- 
gether. Not  more  than  ONE  thread  should  bear 
on  the  material,  and  the  threaded  portion  of  the 
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® 
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Hf  AO 


o 

t3> 


la 


FY»AN*0 
MAO 


CD 


SFIOAL  SNOINO 
Mf  AO  ' 


FULUMWASHM 
H|A0 


NIXAOOM  T»M  MfAO        CLOCK  Hi  AO 

WASHIUHIAO  WWNCMJYM 


29J23(44B)  - 
Figure  4-7.— Machine  screw  and 
capecrew  heads. 

•hank  should  be  showing  through  the  nut.  (Sea 
fig.  4-6A).  In  figure  4-6B  no  threads  from  the 
bolt  shank  show  through  the  nut  extremity  and 
too  many  threads  are  bearing  on  the  material. 
In  figure  4-6C  the  not  can't  be  threaded  far 
enough  to  apply  pressure  on  the  material. 

Proper  sslection  of  bolt  material  is  very 
important,  ft  might  even  be  VITAL.  BE  SURE, 
when  'required  to.  replace  bolts  (or  any  type  of 
fastener)  you  select  the  type  of  material  de- 
signed for  the  equipment.  For  instance,  sup- 
pose a  stainless  steel  bolt  were  replaced  by  an 
iron  bolt  in  a  high  pressure  system  aboard  a 
submarine.  Fast  erosion  and  galvanic  action 
could  cause  the  bolt  to  fall  and  result  in  an  ex- 
plosion. Replace  a  bolt  with  one  that  has  an 
identical  part  number  only,  or  refer  to  bolt 
identification  charts  if  the  number  Is  missing. 

MACHINE  SCREWS 

The  term  "machine  screw"  Is  the  general 
term  used  to  designate  the  small  screws  that 


are  used  In  tapped  holes  for  the  assembly  of 
metal  parts.  Machine  screws  may  also  be  used 
with  nuts,  but  usually,  they  are  screwed  into 
holes  that,  have'  been  tapped  with  matching 
threads. 

Machine  screws,  are  manufactured  in  a  va- 
riety of  lengths,dlameters,pitches  (threads  per 
Inch),  materials,  head  shapes,  finishes  and 
thread  fits.  A  complete  description  of  machine 
screws  must  include  these  factors.  For  exam- 
ple, "1/2  inch,  8*32,  round  head,  brass, 
chromium-plated,  machine  screw."  The  first 
number  Is  the  length  of  the  screw.  Let's  ex- 
amine  some  of  these  other  factors.     &  * 

Diameter  and  Pitch 

•  *  The  diameters  of  American  Standardmachtne 
screws  are  expressed  In  gage  numbers  or  frac- 
tions of  an  Inch  as  shown  in  table  4-2.  In  the . 
preceding  paragraph,  the  "8-32"  means  that  the 
screw  gage  is  No.  8  and  that  It  has  32  threads 
per  inch.  Note,  particularly,  that  the  "eight" 
and  •  thirty-two"  are  two  separate  numbers,1  in- 
dicating two  Individual  measurements;  they  are 
never  to  be  pronounced  "six-thirty- seconds"  or 
written  as  a  fraction  such  as  6/32. 

Materials  and  Finishes 

Most  machine  screws  are  made  of  steel  or 
brass.  They  may  be  plated  to  help  prevent  cor- 
rosion. Other  special  machine  screws  made  of 
aluminum  or  Monel  metal  are  also  obtainable. 
The  latter  metal  is  highly  resistant  to  the  cor- 
rosive action  of  salt  water. 

Head  Shapes 

A  variety  of  common  aM  special  machine 
screw  head  shapes  are  sho^n  in  figure  4-7. 
Some  of  the  heads  require  special  tools  for 
driving  and  removing.  These  special  tools  are 
usually  included  in  a  kit  that  comes  with  the 
machine  or  Installation  on  which  the  screws 
are  used. 

Fits 

At  onetime  each  manufacturer  made  as  many 
threads  per  inch  on  bolts,  screws,  and  nuts  as 
suited  his  own  particular  needs.  For  example, 
one  made  12  threads  per  inch  on  1/2"  bolts 
while  another  might  put  on  13  or  15  threads  per 
Inch.  Thus  the  bolts  of  one  manufacturer  would 
not  fit  the  nuts  made  by  another. 
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SETSCRE W  POINTS 


HANOER      HALF  006 


COMMON 
SQUARE 


SLOTTED 


ALLEN. 


WING 


HEADLESS 


KNURLED 


THUMB 


Figure  4-8. -Set screws  and  thumb  screws. 
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The  National  Screw  Thread  Commission 
studied  the  problem  and  decided  to  standardize 
St£  •0ri«».  «*  called  the  NA- 

TIONAL COARSE  THREAD  SERIES  (NC)  and 
toother  tkeNATJOKAL  FINE  THREAD  SERIES 
SOCIBTTOF  AOTOMDTIVE  ENGI- 
J2™"^*««**  ««>  standardise on  some  EXTRA 
FINE  (EF)  threads  to  be  used  in  airplanes 
automobiles,  and  other  places  where  extrafine' 
toreads  are  needed.  Table  «  shows  the  num- 
ber of  threads  per  inch  for  NC,  NF,  and  EF 
thread  sixes  up  to  1  inch  in  diameter.  Four 
classes  of  fits  were  also  established  by  the  Na- 
tional Screw.  Thread  Commission.  They  are: 
Class  Moose  fit;  Class  H,free  fit;  Class  HL- 
medtum  fit;  and  Class  IV,  close  fit.. 

The  loos*  fit  is  for  threaded  parts  that  can 
be  put  together  qutcklyand  easily  even  when  the 
threads  are  slightly  bruised  or  dirty,  and  when  " 
a  coasiderable  amount  of  shake  or  looseness  is 
not  objectionable.  The  free  fit  is  for  threaded 
^•.""gre  to  be  put  together  nearly  or 
entirely  with,  the  fingers  and  a  little  shake  or 
too*— sss  in  not  objectionable.  This  includes 
f*^<<me  »crew  thread  work.  The  medium  fit 
is  for  die  higher  grade  of  threaded  parts  where 
ths  fit  is  somewhat  closer*  The  dose  fit  is  for 
the  finest  threaded  work  where  rery  little  shake 
or  looseness  is  desirable  and  where  a  screw- 
driver or  wrench  may  be  necessary  to  put  the 
parts  together.  The  manufacture  of  threaded 
parts  belonging  to  this  class  requires  the  use  of 
fine  tools  and  gages.  This  fit  should,  there- 
fore, be  used  only  when  requirements  are  ex- 
acting or  where  special  conditions  require 
screws  bavins;  a  fine,  snug  fit, 


CAPSCREWS 

Capecrews  perform  the  same  functions  as 
-  machine  screws,  but  come  in  larger  sizes  for 
heavier  work.  Sizes  range  up  to  1  inch  in  diam- 
eter and  6  inches  in  length. 

Capscrews  are  usually  used  without  nuts. 
They  are  screwed  into  tapped  holes;' and  are 
sometimes  referred  to  as  tap  bolts.  Threads 
maybeeitherNForNC.  * 

Capscrews  may  have  square,  hex,  flat,  but- 
ton,. orJUlister  heads  (fig.  4-7).  Fillister  heads 
are  best  for  use  on  moving  parts  -when  such 
heads  are  sunk  into  counterbored  holes.  Hex 
.  heads  are  usually  used  where  the  metal  parts 
dp  not  move.  :, 
-  The  strongest  capscrews  are  made  of  alloy 
steel,  and  can  withstand  great  stresses,  strains, 
and  shearing  forces.  Capscrews  made  of  Monel 
metal  are  often  specified  on  machinery  that  is 
exposed  to  salt  water. 

Some  capscrews  have  small  holes  through 
toeir  heads.  A  wire,  caUe&a.  SAFETY  WIRE, 
is  run  through  the  holes  of  several  capscrews 
to  keep  them  from  coming  loose. 

SETSCREWS 

Set  screws  are  used  to  secure  small  pulleys 
gearn,  and  cams  to  shafts,  and' to  provide  posi- 
tive adjustment  of  machine  parts.  They  are 
classified  by  diameter,  thread,  bead  shape,  and 
point  shape.  The  point  shape  is  Important  be- 
cause It  determines  the  holding  qualities  of  the 
set  screw.  ;  ' 

Setscrews  hold  best  if  they  have  either  a 
CONE  POINT  or  a  DOG  POINT,  shown  in  figure 
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mm  CAP         THUMB  STOP 


Figure  4-9.— Common  kinds  of  nuts. 


FLAT  VttSHER      SPUT  LOCK        SHAKE  PROOF 
WASHER*  WASHER 


«.  44.64 
Figure  4-10.— Washers.  . 


STESL  0OWCL  PIN  '  $  STEEL  TAPE*  Pt  W 


44.65 

Figure  4-11.— Keys  and  pins. 


4-8-  These  points  fit  into  matching  recesses 
in  the  shaft  against  which  they  bear. 

HEADLESS  SETSCREWS- slotted,  Allen  or 
Bristol  types— are  used  with  moving  parts  be* 
cause  they'  do  not  stick  up  above  the  surface. 
They  are  threaded  all  the  way  from  point  to 
head.  COMMON  SETSCREWS,  used  on  fixed 
parts,  have  square  heads.  They  have  threads 
all  the  way  from  the  point  to  the  shoulder  of  the 
head. 


STUD 
ASSEMBLY 


•44.218 

-  Figure  4-12.— Camloc  fastener. 


THUMB  SCREWS  are  used  for  set  screws,  * 
adjusting  screws,  and  clamping  screws.  Be- 
cause of  their  design  they  can  be  loosened  or 
•  tightened  without  thetuse  of  tools. 

»  NUTS 

SQUARE  and  HEXAGONAL  nuts  are  standard 
but  they  are  supplemented  by  special  nuts.  (See 
fig.  4-9.)  One, of  these  is  the  JAM  NUT,  used 
above  a.  standard  hex  nut  to  lock  it  in  position. 
It  is  about  half  as  thick  as  the  standard  hex  nut, 
and  has  a  washer  face.  - 

CASTELLATED  nuts  are  slotted  so  that  a 
safety  wire  or  COTTER  KEY  may  be  pushed' 
through  the  slots  and  into  a  matching  hole  in 
the  bolt.  This  provides  a  positive  method  of 
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PART 
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AND 
RIVETS! 


SPRING  ASSEMBLY 


Figure  4-13.-Dzus  festener. 


preventing  the  nut  from  working  loose.  For 
example,  you  will  see  these  nuts  usedwifluthe 
bolts  Oat  hold  the  two  halves  of  an  enSnecon- 
necting  rod  together . 

WING  NUTS  are  used 'where  the  desired  de- 
gree of  tightness  can  be  obtained  by  the  fingers. 
CAP  nuts,  are  used  where  appearance  is  an  im- 
portant consideration.  They  are  usually  made 
of  chromium  plated  brass.  THUMB  NUTS  are 
knurled,  so  they  can  be  turned  by  hand  for  easy 
assembly  and  disassembly.  - 

ELASTIC  STOP  NUTS  are  used  where  it  is 
imperative  that  the  nut  does  not  come  loose. 
These  nuts  have  a  fiber  or  composition  washer 
built  into  them  which  is  compressed  auto- 
matically against  the  screw  threads  to  provide 
holding  tension.  They  are*  used  extensively  on 
radio,  sound  equipment,  fire  control  equip- 
ment and  on  aircraft. 

WASHERS  - 

Figure  4-10  shows  the  types  Of  washers 
used  extensively  throughout  the  Navy.  FLAT 


are  used  to  back  up  bolt  heads  and 
nuts,  and  to  provide  larger  bearing  surfaces. 
They  prevent  damage  to  the  surfaces  of  the 
metal  parts: 

SPLIT  LOCK  WASHERS  are  used  under  nuts 
to  prevent  loosening  by  vibration*  The  ends  of 
these  spring-hardened  washers  dig  into  both  the 
nut  and  the  work  to  prevent  slippage. 

SHAKEPROOF  LOCK  WASHERS  have  teeth 
or  lugs  that  gri$  both  the  work  and  the  nut. 
Several  patented  designs,  shapes,  and  sizes  are 
obtainable.  c 


KEYS  AND  PINS 

COTTER  KEYS  (fig.  4- 11)  are  used  to  secure 
screws,  nuts,  bolts,  and  pins.  They  are-afeo 
used  as  stops  and  holders  on  shafts  and  rods. 
SQUARE  KEYS  and  WOODRUFF  KEYS  are  used 
to  prevent  hand  wheels,  gears,  cams  and  pulleys 
from  turning  on  a  shaft;  These  keys  are  strong 
enough  to  carry  heavy  loads  if  they  are  fitted 
and  seated  properly. 
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SAFETY  METHODS  SHOWN  ARE  FOR 
EIGHT  HANO  THEEAOS.  LEFT  HAND  OPPOSITE. 


SAFETY  WIRE  OVER  HEAD 


ytOLT  HEADS 


CASTLE  NUT 


SAFETY  WIRE  AROUND  HEAD 

TWIST  METHODS 


SINGLE  WIRE  PLAIN 

12.245(44B)A 

Figure  4- 14.— Safety  wiring  methods. 

TAPER  PINS  are  used  to  locate  and  position 
matching  parts.  They  are  also  used  to  secure' 
small  pulleys  and  gears  to  shafts*  They  usually 
have  a  taper  of'  1/4- inch  per  foot.  Holes  for 
taper  pins  must  be  reamed  with  tapered  ream- 
er*. U  this  is  not  done  the  taper  pin  will  not  fit 
properly.  ,  4 

DOWEL  PINS  are  used  to  position  and  align 
the  units  or  parts  of  an  assembly.  One  end  of  a 
dowel  pin  is  chamfered,  and  it  is  usually  .001- 
to  .002  inch  greater  in  diameter  than  the  size  of 
the  hole  into  which  the  pin  will  be  driven.. 


■  TURNLOCK  FASTENERS 

Turnlodk  fasteners  are  used  to  secure  in- 
spection plates,  doors,  and  other  removable 
panels  on  items  of  support  equipment  and  air- 
craft. These  fasteners  are  also  referred  to  by 
such  terms  as  quick-opening,  quick-acting,  and 
stress  panel  fasteners.  The  most  desirable 
feature  of  these  fasteners  is  that  they  permit 
quick  and  easy  removal  of  access  panels  and 
doors  for  inspection  and  servicing.. 

Turnlock  fasteners  t  are  manufcctu^f 
supplied  by  a  nuraberjrfjii^^  under 
various  tradfLJiametfTTSome  of  the  more  com- 
lenames are  the  Camloc  and  Dzus (pro- 
nounced zoo's)  types. 

CAMLOC  FASTENERS^ 

Camloc  fasteners  are  made  in  a  variety  of 
styles  and  designs.  Regardless  of  the  particu- 
lar style  or  shape,  the  Camloc  fastener  consists 
of  a  stud  assembly,  receptacle,  and  a  grommet 
(fig.  4-12).  \ 

The  stud  assembly  consists  of  a  stud, a  cross 
pin,  spring,'  and  spring  cup.  The  assembly  is  so 
designed  that  it  can  be^quickly  inserted  into  the, 
grommet  by  compressing  the  spring.  Once  in- 
stalled in  the  grommet  the  stud  assembly 'can- 
not be  removed  unless  the  spring  is  again  . 
compressed* 

The  grommet  is  a  flanged  sheet- metal  ring 
made  to  fit  into  a  hole  in  the  access  door  or 
panel.  It  is  ribbed  and  can  be  pressed  or 
dimpled  into  place. 

The  receptacle  consists  of  a  metal  forging 
mounted  in  a  stamped  sheet  metal.  It  is  riveted 
to  the  access  opening  frame  attached  to  the 
structure  or  equipment. 

A  quarter  turn  clockwisejrf  the  stud  screw 
locks  the  cross  pin  into  the  grooved  receptacle. 
Conversely,  a  counterclockwise  rotation  re- 
leases the  connection  between  the  stud  assembly 
and  the  receptacle. 

DZUS  FASTENERS 

The  Dzus  fastener  (fig.  4-13)  consists  of  a 
rotatable  stud,  which  may  have  a  slot  for  a 
screwdriver,  or  a  winged  fitting  on  it  for  hand 
operation.  It  also  has  a  permanently  mounted 
spring  and  a  grbmmet.  The  stud  and  grommet 
are  mounted  in  the  door  or  other  removable 
part,  and  the  spring  is  riveted  to  the  frame  of 
the  access  on  which  the  door  fits. 
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STEP  6 
FINAL  TWIST 


Figure  4-  15.-Standard  twist  safety  wire  installation  procedure.  ";245(44®)B 

i  a*  *  *  , 

j-UENCTK- 


UNEVEN  PRONGS  OPTIONAL — 


OPTIONAL 


PRIMMED 


Figure  4-16.-Types  of 

COtter  pins.  44.65<44B)A 


Cams  on  the  stud  engage  with  the  spring 
to  lock  the  fastener  In  the  engaged  position. 
The  purpose  of  the  grommet  Is  to  retain  the 
stud  in  the  access  door.  In  some  Installations, 
the  grommet  Is  not  used  as  a  retainer  ;  the  stud 
Is  secured  to  the  access  door  by  a'snapring,' 
cup  washer,  or  by  dimpling  of  the  metal  around 
the  stud. 

The  quick  acting  action  of  the  Dzus  fastener 
is  achieved  when  a  quarter  turn  rotation  of  &e 


Figure  4-17.— Cotter  pin 
installations. 


44.65<44B)B 


stud  causes  its  engagement  or  disengagement 
with  the  spring.  * 

SAFETYING  METHODS 

,  Safetying  is  a  process  of  securing  fasteners 
and  other  equipment  so  they  do  not  work  loose 
due  to  vibration.  Loose  bolts,  screws  and  nuts 
or  other  parts  can"  ruin  delicate  equipment  or 
endanger  life  when  they  fall  off  equipment. 

Varlouj  methods  for  safetying  parts  exist. 
The  most  widely  used  are  safety  wire  and  cotter 
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Figure  4- 18  .-Some  common  types  of  rivets. 
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Figure  4-19.— Showing  what  is  meant 

by  "grip"  of  a  rivet.  \ 


Table  4-3.-Guide  for  Selecting  Rivet 
Size  for  Sheet  Metal  Work 


11.390 


Rivet  size 

Gage  of 

(weight  in  pounds 

sheet  metal 

per  1000  rivets) 

"    •  26 

1 

24 

2 

22 

2  1/2 

20 

3 

18  • 

3  1/2 

16 

4 

pins.  Learn  the  proper  techniques  and  USE 
them.  YOUR  LlFE  nay  depend  upon  proper  use 
of  these  techniques.  _ 

SAFETY  WIRING  1 

Safety  wiring  is  the  most  positive  and  satis- 
factory method  of  safety ing  capscrews,  studs, 


nuts,  and  bolt  heads  which  cannot  be  safetied  by 
any  other  practical  means.  It  is  a  method  of 
wiring  together  two  or  more  units  in  such  a 
manner  that  any  tendency  of  one  to  loosen  is 
countered  by  the  tightening  of  the  wire  and  the 
other  unit.  Components  are  safety  wired  by  the 
single  wire  plain  method  or  the  twist  method 
(fig.  4-14).  ; 

The  single  wire  plain  method  may  be  used 
on  small  components  in  a  closely  spaced, 
closed  geometrical  pattern,  and  in  places  that 
are  difficult  to  reach.  When  safety  wiring 
closely  spaced  components,  take  advantage  of 
safety  wiring  the  whole  series.  The  number  of 
parts  in  the  series  safely  wired  together  by  this 
method  depends  upon  the  application;  but  the 
maximum  number  in  the  series  is  limited  by  a 
maximum  24  inch  wire  length. 

The  twist  method  is  the  most  common 
method  of  safety  wiring.   The  technique  is- 
shown  In  figure  4-15.  A  group  of  three  should 
be  the. maximum  in  the  series  when  safety  wir- 
ing widely  spaced  components  by  this  method. 

The  following  general  rules  should  be  followed 
when  using  the  safety  wire  method  to  secure 
components.  \ 

e  The  safety  wire  must  be  new  upon  each 
application.    ,  \ 

e  All  safety  wires  must  be  tight  after  in- 
stallation, but  not  under  such  tension  that 
normal  handling  or  vibration  will  break 
the  wire. 

•  The  wire  must  be  applied  so  that-all  pull 
exerted  by  the  wire  tends  to  tighten  the 
nut. 

e  Twists  should  be  tight  and  even  and  the 
wire  between  the  nuts  as  taut  as  possible 
without  overtwisdng.  Wire  twister  pliers 
should  be  used  if  available;  otherwise, 
wire  between  nuts  should  be  twisted  with 
the  hands.  The  use  of  regular  pliers  for 
twisting  will  damage  the  wire.  Regular 
pliers  may  be  used  only  for  the  final  end 
twist  prior  to  cutting  off  the  excess  wire. 

e  When  castellated  nuts  are  to  be  secured, 
tighten  the  nut  to  the  low  side  of  the  se- 
lected torque  'range,  unless  otherwise 
specified,  and  if  necessary,  continue 
tightening  until  a  slot  aligns  with  a  hole. 

COTTER  PINS 

Some  cotter  pins  are  made  of  low-carboh 
steel,  wb(le  others  consist  of  stainless  steel 
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Figure  4-20.-Drawing,  upsetting,  and  heading  a  rivet. 


11.295 


I.  DRAWN 


CORRECT,  RIVETING 


2.  UPSET 
HEAD*  TOO  SMALLS 


3.  HEADED 


RIVET  MOT  DRAWN  SHEETS  NOT  DRAWN 

TROUBLES  \ 

11.296 

Figure  4-21.-Correct  and 
incorrect  riveting. 


and  thus  are  more  resistant  to  corrosion.  Re* 
gardless  of  shape  or  material,  all  cotter  pins 
are  used  for  the  same  general  purpose— 
-safetying." 

Dimension  perimeters  of  a  cotter  .pin  are 
shown  in  figure  4-16.  Whenever  uneven  prong 
cotter  pins  are  used,  the  length  measurement 
is  to  the  end  of  the  shortest  prong.  - 

A  cotter  pin  installation  is  shown  in  figure 
4-17.  The  cotter  pin  should  fit  neatly  into  the 
hole  with  very  little  sideplay.  - 

In  the  preferred  installation  method,  the 
bent  prong  above  the  bolt  end  should  npt  extend 
beyond  the  bolt  diameter.  Additionally,  the  bent 
prong  should  not  rest  against  the  surface  of 
the  washer.  Cut  the  prongs  down  to  size  if 
necessary. 

If  the  optional  wraparound  method  is  used, 
the  prongs  should  not  extend  outwards,  but 
should  be  bent  over  a  reasonable  radius  to  the 


sides  of  the  nut.  Sharpangled  bends  invite 
breakage.  Usually  the  initial  bending  of  the 
prongs  of  a  cotter  pin  is  accomplished  with 
needle  nose  or  diagonal  pliers  and  the  best  tool 
for  final  bending  of  the  prongs  is  a  noil  faced 
mallet. 

RIVETS 

Rivets  are  used,  extensively  as  a  fastening 
device  in  aircraft.  They  are  also  used  to  join 
metal  sheet  when  brazing,  welding,  or  locking 
techniques  will  not  provide  a  satisfactory  joint. 

RIVET  TY?ES 

•  The  major  types  of  rivets  used  extensively 
include  the -standard  type  and  pop  rivets.  Stand- 
ard rivets  must  be  driven  using  a  bucking  bar 
whereas  the  pop  rivets  have  a  self  heading  capa- 
bility and  may  be  installed  where  it  is  impossi- 
ble to  use  a  bucking  bar. 

Standard  Rivets 

Wherever  possible,  rivets  should  be  made  of 
the  same  material  as  the  material  they  join. 
Theyarp  classified  by  lengths,  diameters,  and 
their  head  shape  and  size.  Some  .of  the  standard 
head  shapes  are  shown  in  figure  4-18. 

Selection  o{  the  proper  length  of  a  *ivet  is 
important.  Should  too  long  a  rivet  be  used,  the 
formed  head  will  be  too  large,  or  the  rivet  may 
bend  or  be  forced,  between  the  sheets  being 
riveted.  Should  too  short  a  rivet  be  used,  the 
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CLOSED-END  TYPE 
HOLLOW-CORE  TYPE 
OOMEOHEAD 


SOLIO-CORE  TYPE 
COUNTERSUNK HEAO 
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•UNO 
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Figure  4-23.— Pop  rivet  tools. 


U)  iN$crr  pop  rivet 


(2)  APPUY  RIVETER  NOSEPtCE  FLUSH 
WITH  STRUCTURE  SEIN«RIVETEQ. 

(3)  CRIPPIN6  MECHANISM  GRASPS 

'   MANORCL.BfttNOS  FARTS  TOOCTMCR 
.  ANO  CLINCHES  RtVCT  ON  tUNO  SIOE. 
.  ~  FURTHER  RETRACTION  RCMOVES 
MANDREL. 


Figure  4-22.- Pop  rivets. 
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formed  head  will  be  too  small  or  the  riveted 
material  will  be  damaged.  The  length  of  the 
rivet  should  equal  the  sum  of  the  thickness  of 
the  metal  plus  1 1/2  times  the  diameter . of  the 
rivet,  as  shown  in  figure  4-19. 

When  using  tinner's  rivets,  refer  to  table 
4-3  as  a  guide  for  selecting  rivets  of  the  proper 
siza  for  the  different  gages  of  sheet  metal. 

The  riveting  procedure  for  the  standard  type 
of  rivet  involves  three  operations:  drawing, 
upsetting,  and  heading  as  shown  in  figure  4*20. 
The  sheets  are  drawn  together  by  placing  the 
deep  hole  of  the  rivet  set  over  the  rivet  and 
striking  the  head  of  the  set  with  a  hammer.. 
Upon  removal  of  the  set/the  end  of  the  rivet  is 
struck  lightly  to  upset  the  end  of  the  rivet. 
Finally,  the  heading  die  (dished  part)  of  the 


(4)  COMFLETEO  RIVET,  SET. 
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Figure  4-24.— Setting  pop  rivets. 


rivet  set  forms  the  head  of  the  rivet  when  the 
hammer  again  strikes  the  head  of  the  rivet  set. 
The  results  of  correct  and  incorrect  riveting 
are  shown  in  figure  4-21. 

Pop  Rivets 

Pop  rivets  (fig.  4-22)  have  two  advantages 
compared  to  standard  rivets  in  that  they  can  be 
set  by  one  man  and  also  be  used  for  blind  fas- 
tening. This  means  that  they  can  be  used  where 
there  is  limited  or  no  access  to  the*  reverse 
side  of  the  work* 
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Operation  is  simple.  Drill  holes  in  the  parts 
to  be  rivsted  together  and  align  the  holes.  In- 
sert the  pop  rivet  (a  hollow  rivet  assembled  on 
a  solid  mandrel)  and  set  it  with  a  pop  riveter 
(fig.  4-23)  using  the  procedure  shown  in  figure 
4-24. 

There  are  two  basic  designs  for  pop  rivets: 
closed-end  and  open-end  (fig.  4-22).  The 
closed-end  type  rivet  fills  the  need  for  blind 
rivets  which  seal  as  they  are  set.  They  are 
gat  and  liquid  tight,  when  used  properly,  since 
a  high  degree  of  radial  expansion  provides  ex- 
cellent hole-filling  characteristics  and  the 
mandrel  head  is  within  the  core  of  the  rivet 
body.  . 

The  open-end  typ*<is  not  liquid-tight  because 
the  mandrel  head  Which  remains  in  the  rivet 
body  is  not. enclosed  within  that  body  as  is  the 
closed-end  type.  This  obviously  leaves  room 
for  possible  seepage  of  liquid  or  gas. 

Pop  type- rivets  discussed  in  this  chapter 
hav*  a  variety  of  general  purpose  applications. 
Naval  Aviation  Maintenance  activities  utilize 
more  sophisticated  types  of  pop  rivets.  They 
are  usually  of  higher  strength  alloys  than  com-, 
mon  pop  type  rivets  and  include  either  friction 
or  mechanical  lock  features  which  will  ensure 
that  they  will  not  &ii  under  vibration  of  the  air- 
craft and  its  structure. 
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RIVET  SELECTION 

The  following  rules  govern  the  selection  and 
use  of  rivets  in.  making  a  repair: 

1.  Replacements  must  not  be  made  with 
rivets  of  lower  strength  material  unless  they 
are  larger  than  those  removed. 

2.  When  rivet  holes  become  enlarged,  de- 
formed, or  otherwise  damaged,  use  the  * next 
larger  size  as  replacement.  \ 

\ 

3.  Countersunk  head  rivets  are  to  be  re- 
placed by  rivets  of  the  same  type  and  degree 
of  countersink.  / 

4.  Rivets  selected  for  specific  applications 
must  always  be  of  the  type  recommended  in  the 
repair  manual  for  .that  particular  equipment. 
Rivets  are  available  in  a  variety  of  metals  and 
alloys  having  specific  shear  strength  and  hard- 
ness characteristics.  Selection  of  the  wrong 
alloy/type  rivet  could  produce  hazardous  re~ 
suits.  Rivets  common  tc  aircraft  and  aero- 
space equipment  application  are  identified  by 
hrad  or  shank  markings.  In  all  cases,  choose  a 
rivet  that  is  capable  of  meeting  the  load  and 
holding  requirements  to  which  it  will  be 
subjected.  4  / 
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INDING  OPERATIONS 


usable  condi- 
ted  frequently 
or  shaped  for" 
punches,  drills, 
er  hand  tools  are 
abrasive  grinding 


s  the  act  of  ahap- 
or  sharpening  an 
etion  of  thousands 
lace  of  the  grind- 
g  shortens  the 


To  keep  hand  tools  in 
tion,  cutting  edges  must 
and  certain  other  tools 
special  purposes.  Chisel 
tinsnipe,  screwdrivers,  and^ 
shaped  or  Aarpened  on  an] 
wheel. 

Grindinf  nay  be  defined 
.  ing  or  wearing  down  a  sur: 
edge  by  means  of  the  cutting 
of  abrasive  grains  on  the 
lag  wheel.  Excessive 
useful  lite  of  a  tool. 

A  variety  of  grinding  machines  are  in  use  in 
the  Navy.  Many  of  them  are  f peclal  machines 
used  in  tool  and  die  making  or  machines  used 
for  other  special  purposes.  Trie  bench  grinder, 
explained  in  chapter  2  of  this  text,  is  the  type 
of  grinder  found  in  general  use  in  the  Navy. 
Nearly  all  mechanical  shops  in |  shore  Installa- 
tions or  aboard  ship  will  h*v*  a  bench  grinder. 

GRINDING  SAFETY 

The  grinding  wheel  is  a  fragile  cutting  tool 
which  operates  at  high  speeds.  Great  emphasis 
must  be  given,  therefore,  to  the  safe  operation 
of  bench  and  pedestal  grinders.  Observance  of 
safety  ^precautions,  posted  on  or  near  all 
grinders  used  in  the  Navy,  is  mandatory  for  the 
safety  of  the  operator  and  th*  safety  of  person- 
nel in  the  nearby  vicinity. 

What  are  the  most  common  sources'  of  in- 
Jury  during,  grinding  operation?  Hazards  lead- 
ing to  eye  injury  caused  by  grit  generated  by 
vthe  grinding  process  are  the  most  common  and 
"the  most  serious.  Abrasions  caused  by  bodily 
contact  with  the  wheel  are  quite  painful  and  can 
be  serious.  Cuts  and  bruises  caused  by  seg- 
ments of  an  exploded  wheel,  or  a  tool  "kicked" 
away  from. the  wheel  are  other  sources  of  in- 
jury. Cuts  and  abrasions  can  become  infected 
if.  not  protected  from  grit  and  dust  from 
grinding. 

Safety  in  using  bench  and  pedestal  grinders 
is  primarily  a  matter  of  using  common  sense 
and  concentrating  on  the  job  at  hand.%  Es^ch  time 


you  start  to  grind  a  tool,  stop  brie  Ay  to  con- 
sider how  observance  of  safety  precautions  and 
the  use  of  safeguards  protect  you  from  injury. 
Consider  the  complications  that  could  be  caused  • 
by  your  loss  of  sight,  or  loss  or  ^mutilation  of 
an  arm  or  hand. 

Some  guidelines  for  safe  grinding  practices 
are:  ~ 

1.  Read  posted  safety  precautions  before 
starting  to  use  a  machine.  In  addition  to  re- 
freshing your  memory  about  safe  grinding  prac- 
tices, this  gets  your  mind  on  the  job  at  hand. 

2.  Secure  all  loose  clothing  and  remove 
rings  or  other  jewelry. 

3.  Inspect  the  grinding  wheel,  wheel  guards, 
the  toolreit,,and  other  safety  devices  to  en- 
sure they  are  in  good  condition  and  positioned 
properly.  Set  the  toolrest- so  that  it  ia  within 
1/8  inch  of  the  wheel  face  and  level  with  ;*e 
center  of  the  wheel. 

4.  Transparent  shields,  if  installed,  should 
be  clean  and  properly  adjusted.  Transparent 
shields  do  not  preclude  the  use  of  goggles  as 
the  dust  and  grit  may  get  around  a  shield.. 
Goggles,  however;  provide  full  eye  protection. 

5.  Stand  aside  when  starting  the  grinder 
motor  until  operating  speed  is  reached.  This 
prevents  injury  if  the  wheel  explodes  from  a 
defect  that  has  not  been  noticed.  . 

6.  Use  light  pressure  when  starting  grind- 
ing; too  much  pressure  on  a  cold  wheel  may 
cause  failure. 

7.  Grind  only  on  the  face  or  outer  circum- 
ference of  a  grinding  wheel  unless  the  wheel  is 
specifically  designed  for  side  grinding. 

8.  Use  .a  coolant  to  prevent  overheating  the 
work.  * 

9.  Wear  goggles  and  respiratory  filters  to 
protect  your  eyes  and  lungs  from  injury  by  grit 
and  dust  generated  by  grinding  operations. 

GRINDING  WHEELS 

A  grinding  wheel  is  composed  of  two  basic 
elements:  (1)  the  abrasive  grains,  and  (2;  the 
bonding  agent/  The  abrasive  grains  may  be 
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compared  to  many  single  point  tools  embedded 
to  a  tooiholder  of  bonding  agent.  Each  of  these 
grains  extracts  a  very  small  chip  from  the  ma- 
terial as  it  makes  contact  on  each  revolution  of 
the  grinding  wheel. 

An  ideal  cutting  tool  is  one  that  will  sharpen 
itself  when  it  becomes  dull..  This,  in  effect,  is 
what  happens  to  the  abrasive  grains.  As  the  in- 
dividual grains  become  dull,  the  pressure  that 
la  generated  on  them  causes  them  to  fracture 
and  preset*  new  sharp  cutting  edges  to  the 
work.  When  the  grains  can  fracture  no  more, 
the  pressure  becomes  too  great  and  they  are 
released  from  the  bond,  allowing  new  sharp 
grains  to  be  presented  to  the  work. 

SIZES  AND  SHAPES 

Grinding  wheels  come  in  various  sizes  and 
shapes.  The  size  of  a  grinding  wheel  is  given 
in  terms  of  its  diameter  in  inches,  the  diam- 
ater  of  the  spindle  hole,  and  the  width  of  the 
lace  of  the  wheel.  The  shapes  of  all  grinding 
•els  are  too  numerous  to  list  in  this  manual, 
1  figure  5*1  shows  most  of  the  more  fre- 
7  used  wheel  shapes.  The  type  numbers 
are  ttaadardand  are  used  by  all  manufacturers. 
The  shapes  are  shown  in  cross-sectional  views. 
The  specific  Job  will  dictate  the  shape  of  wheel 
to  be  used. 

mArkdk 
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COMPOSITION 

Grinding  wheel  markings  are  comprised  of 
six  sections.  Figure  5-2  illustrates  the  stand- 
ard marking  and  possible  variations.  The  fol- 
lowing information  breaks  the  marking  down 
and  explains  each  section.  This  information 
should  be  studied  carefully  as  it  will  be  invalu- 
able in  making  the  proper  wheel  selection  for 
each  grinding  job  you  will  attempt. 

Kind  of  Abrasive  y 

The  first  section  on  the  wheel  marking 
(reading  from  left  to  right)  shows  the  abrasive 
type.  There  are  two  types  of  abrasives:  natu- 
ral and  manufactured.  Natural  abrasives,  such 
as  emery,  corundum,  and  diamond,  are  used 
only  in  boning  stones  and  in  special  types  ot 
grinding  wheels.  The  common  manufactured 
abrasives  are  aluminum  oxide  and  silicon  car- 
bide. They  have  superior  qualities  and  are 
more  economical   than  natural  abrasives. 
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Figure  5-1. -Grinding  wheel  shapes. 

Aluminum  oxide  {designated  by  the  letter  A) 
is  used  for  grinding  steel  and  steel  alloys,  and 
for  heavy  duty  work  such  as  cleaning  up  steel 
castings.  Silicon  carbide  (designated  by  the 
letter  C),  which  is  harder  but  not  as  tough  as 
aluminum  oxide,  is  used  mostly  for  grinding 
.  nonferrous  metals  and  carbide  tools.  The  abra- 
sive in  a  grinding  wheel  comprises  about  40 
percent  of  the  wheel. 

Grain  Size 

The  second  section  on  the  grinding  wheel 
marking  is  the  grain  size.  Grain  sizes  range 
from  10  to  600.  The  size  is  determined  by  the 
9  size  of  mesh  of  a  sieve  throughwhich  the  grains 
can  pass.  Generally  speaking,  they  are  rated 
as  follows:  Coarse:  10,  12,  14,  16,  20,  24: 
Medium:  30,  36,  46,  54,  60;  Fine:  70,  80,  90, 
100,  120,  150,  180;  and  Very  Fine:  220,  240, 
280,  320,  400,  500,  600.  Grain  sizes  finer  than 
(240)  are  generally  considered  flour.  Generally 
speaking,  fine  grain  wheels  are  preferred  for 
grinding  hard  materials,  as  they  have  more 
cutting  edges  and  will  cut  faster  than  coarse 
grain  wheels.  Coarse  grain  wheels  are  gen- 
erally preferred  for  rapid  metal  removal  on 
softer  materials. 
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Figure  5-2.— Standard  marking  system  for  grinding  wheels 
(except  diamond)..  *  * 
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Grade  (Hardness) 

Section  three  of  the  wheel  marking  is  the 
grade  or  haardness  of  the  wheel.  As  shown  in 
figure  5-2,  the  grade  is  designated  by  a  letter 
of  the  alphabet;  grades  run  from  A  to  Z  or  soft 
to  hard.  * 

•The  grade  of  a  grinding  wheel  is  a.  measure* 
met*  of  the  ability  of,  the  bond  to  retain  the 
abrasive  grains  in  the  wheel.  Grinding  wheels 
are  said  to  have;  a  soft  to  .hard  grade.  This 
does  not  mean  that  the  bond  or  the  abrasive  is 
soft  or  hard;  it  peans  that  the  wheel  has  a  large 
amount  of  bond  fluurd  grade)  or  a  small  amount 
of  bond  (soft  grade).  Figure  5-3  illustrates  a 
magnified  portion  of  a  soft  grade  and  a  hard 
grade  wheel.  You  can  „  see  by  the  illustration 
that  a  part  of  the  bond  surrounds  .the  abrasive 
grains  and  the  remainder  of  the  bond  forms 
into  posts  that  both  hold  the  grains  to  the  wheel 
and  hold  them  apart  from  each  other.  The 
wheel  having  the  larger  amount  of  bonding  ma-  * 
terial  has  thick  bond  posts  and  will  offer  great 
resistance  to  pressures  generated  in  grinding. 
The'  wheel  having  the  least  amount  of  bond  will 
offer  less  resistance  to  the  grinding  pressures. 
In  other  words,  the  wheel  with. a  large  amount 


of  bond  is  said  to  be  a  hard  grade  and  the  wheel 
with  a  small  amount  of  bond  Is  said  to  be  a  soft 
grade. 

Structure 

*-  * 

The  fourth  section  of  the  grinding  wheel 
marking  is  the  structure.  The  structure  is 
designated  by  numbers  from  '1  to  15,  as  illus- 
trated in  figure  5-2.  The  structure  of  a  grind- 
ing wheel  refers  to  the  open  space  between  the 
h  grains,  as  shown  in  figure  5-3.  Grains  that  are ' 
very  closely  spaced  are  said  to  be  dense;  when 
grains  are  wider  apart,  they  are  said  to  be 
open.  Generally  speaking,  the  metal  removal 
will  be  greater  for  open- grain  wheels  than  for 
close-grain  wheels.  Also  dense  or  close- grain 
wheels  will  normally  produce  a  finer  finish. 
The  structure  of  a  grinding  wheel  comprises 
about  20  percent  of  the  grinding  wheel. 

Bond  Type 

The  fifth  section  on  the  grinding  wheel 
marking  Is  the  bond  type.  The  bong  comprises 
the  remaining  40  percent  of  the  grinding  wheel 
and  Is  one  of  the  most  Important  parts  of  the 
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WHEEL  A 
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_f     '       ^    „  28.312 
Figure  5-3.-How  bond  affects  the  grade  of 
the  wheel.  Wheel  A,  softer; 
1  '  Wheel  B,  harder. 

wheel.  The^nd  determines  the  strength  of  the 
wheel.  The  6  basic  types  of  bonds  are  con- 
sidered in  this  chapter. 

vrTRIFIED  bond,  designated  by  the  letter  V, 
is  not  affected  by  oil,  acid,  or  water.  Vitrified* 
bonded  wheels  are  strong  and  porous,  and  rapid 
temperature  changes  have  little  or  .no  effect  on 
them.  Vitrified  wheels  should  not  be  run  in 
excess  of  6500  surface  feet  per  minute. 

SILICATE  bonded  wheels  are  designated  by 
the  letter  S.  Silicate  bonded  wheels  are  used 
mainly  for  large,  slow  rpm  machines  where  a 
cooler  cutting  action  is  desired*  Silicate  bonded 
wheels  are  said  to  be  softer  than*  vitrified 
wheels  as  they  release  the  grains  more  readily 
than  the  vitrified  bonded  wheels*  This  wheel, 
like  the  vitrified  bonded  wheel,  is  not  to  be  run 
in  excess  of  6500- surface  feet  per  minute. 

RUBBER  bonded  wheels,  designated  by  the 
letter  R,  are  strong  and  elastic.  They  are  used 


for  the  manufacture  of  thin  cutoff  wheels  and 
are  used  extensively  for  regulating  wheels  on 
centerless  grinders.  Rubber  bonded  wheels 
produce  a  high  finish  and  can  be  run  at  speeds 
up  to  16,000  surface  feet  per  minute. 

RESINOID  bonded  wheels  are  designated  by 
the  letter  B  and  are  shock  resistant  and  strong. 
They  are  used  for  rough'grinding  and  cutoff 
wheels.  Resinoid  wheels  also  can  be  run  at 
speeds  up  to  16,000  surface  feet  per  minute. 

SHELLAC  bonded  wheels,  designated  by  the 
letter  E,  give  a  high  finish  and  h*ve  a  cool  cut- 
ting action  when  used  as  cutoff  wheels.  Shellac 
bonded  wheels  can  be  run-up  to  12,500  surface 
feet  per  minute. 

OXYCHLORIDE  bonded  wheels  are  desig- 
nated by  the  letter  O.  They  are  not  to  be  run 
at  speeds  greater  than  6,500  surface  ,feet  per 
minute. 

*  -» 

Manufacturer's  Record 

The  sixth  section  on  the  grinding  wheel 
marking  is  the  manufacturer's  record.  'This  - 
may  be  a  letter  or  number,  or  both.  It  is  used 
by  the  manufacturer  to  designate  bond  modifi- 
cations or  wheel  characteristics. 

SELECTING  AND  USING* 

THE  WHEEL  •  * 

The  selection  of  grinding  wheels  for  preci- 
sion, grinding  can  be  discussed  generally  In 
terms  of  such  factors  as  the  physical  properties 
of  the  material  to  be  ground,  the  amount  of 
stock  to  be -removed  (depth  of  cut),  the  wheel 
speed  and  work  speed,  and  the  finish  required. 
Selection  of  a  grinding  wheel  having  the  proper 
abrasive,  grain,  grade,  and  bond  is  determined 
by  considering  one  or  more  of  these  factors. 

An  aluminum  oxide  abrasive  is  most  suitable 
for  grinding  carbon  and  alloy  steel,  high  speed 
steel,  cast  alloys  and  malleable  iron.  A  silicon 
carbide  abrasive  is  most  suitable  for  grinding 
nonferrous  metals,  nonmetallic  materials,  and 
cemented  carbides. 

Generally,  the  softer  and  more  ductile  the 
material  being  ground,  the  coarser  the  grain 
selected  should  be*  Also,  if  a  large  amount  of 
material  is  to  be  removed,  a  coarse  grain  wheel 
is  recommended  (except  on  very  hard  mate- 
rials). If  a  good  finish  is  required,  a  fine  grain 
wheel  should  be  used. 

For  soft  materials,  small  depth  of  cut,  or 
high  work  speed,  use  a  soft  grade  wheel.  If  the 
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Table  5-1.- Recommendations  for  Selecting  Grinding  Wheels 

28.253,0 
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OPERATION 

* 

WHEEL  DESIGNATION 

*  \ 

MATERIAL 

Abrasive 

Grain 
size 

Grade 

Structure 

Bond 

Mfg. 
Symbol 

vjMMricax 

\ 

grinding 

A 

60 

K 

8 

V 

A 

60 

L 

5 

V 

54 

M 

5  * 

V 

- 

C 

36 

K 

5 

V 

vase  iron}  dtjlss, 

aluminum  > 

- 

A 

54 

L 

5 

* 

V 

General  purpose  , 

,  -  *  

Surface  grinding 

A 

46 

H 

8 

V, 

High  speed  steel 

A 

60 

P 

12 

V  ' 

Hardened  steel 

A 

46 

J 

5 

V 

Soft  steel 

C 

56 

J 

8 

V 

'Cast  iron  and  bronze 

A 

24 

H 

8 

V 

General  purpose 

Tool  and 

cutter  grinding 

A 

46 

K 

'8  * 

High  speed  ateel'or 

1 

cast  alloy  milling 

cutter 

A 

54 

L 

5 

V 

Reamers  - 

A 

60 

a 

K 

8, 

V 

Tap* 

machine  you  are  using  is  worn,  a  harder  grade 
may  be  necessary  to  help  offset  the  effects  of 
wear  of  the  machine.  Using  at  coolant  al 90  per- 
mits the  use  of  a  harder  grade  of  wheel. 

Table  5-1  lists ,  recommended  grinding 
wheels  for  various  operations. 

Before  you  perform  these  operations,  you 
should  be  able,  however,  to  install  and  dress 
4he  wheels  properly,  whenever  required. 

INSTALLING  THE  WHEEL 

The  wheel  of  a  bench  or  pedestal  grinder 
must  be  properly  installed;  otherwise  accidents 
may  occur  and  the  wfreel  will  not  operate 

*  properly.  Before  a  wheel  is  installed,  it  should 
be  inspected  for  visible  defects  and  "sounded" 
by*  tapping  lightly  with  a  piece  ,pfthard  wood 
to  determine  whether  it  has  invisible  cracks.  A 
good  wheel  gives  out  a  clear  ringing  sound 

'  when  tapped,  but  if  the  wheel  is  cracked  a  dull 


thud  is  heard.  The  following  Information  on 
mounting  the  wheel  should  be  more  readily 
understood  if  the  reader 'refers  to  figure  5-4. 
•  Ensure  that  the  shaft  and  flanges  are.  clean 
and  free'of  grit  and  old  blotter  material.  Place 
the  inner  flange  in  place  ami  followMt  with  a 
blotter.  NOTE,  the  blotter  thickness  for  paper 
must  be  no  thicHer  than  .025  inch  and  no  thicker 
than  .125  inch  for  leather  or  rubber.  The  blot-  0 
ter  is  used  to  ensure  even  pressure  on  the 
wheel,  and  to  dampen  the  vibration  between  the 
wheel  and  shaft  when  the  grinder  is  in  opera- 
tion. Next  mount  the  wheel,  and  ensure  that  it 
fits  on  the  shaft  without  play.  A  .002  to  .005 
inch  clearance  should  be  provided.  This  may 
be  accomplished  by  scraping  or  reaming  the 
lead  bushing  in  the  center  of  the  wheel.  NEVER 
FORCE  THE  WHEEL  ON,  THE  SHAFT.  Forcing 
the  wheel  on  the  shaft  may  cause  the  wheel  to 
crack  when  placed  in  operation,  or  cause  the 
wheel  to  be  slighfty  out  of  axial  alignment. 
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28,63(280) 

Figure  5-4.— Method  of  "^MT^ing  a 
grinding  wheel. 

The  nest  item  is  another  blotter  and  then  the 
outer  flange.  NOTE  the  flanges  are  recessed 
so  they  provide  an  even  pressure  on  the  wheel. 
The  flanges  should  be  at  least  one-third  the 
diameter  of  the  wheel.  Next,  install  the  washer 
and  secure  the  nut.  Tighten  the  securing  nut 
sufficiently  to  hold  the  wheel  firmly:  tightening 

too  mucfr  may  damage  the  wheel. 

-  * 

TRUING  AND  DRESSING 
THE  WHEEL 

Grinding  wheels,  like  other  cutting  tools,  re* 
quire  frequent  reconditioning  of  cutting  sur- 
faces to  perform  efficiently.  Dressing  is  the 
term  used  to  describe  the  process  of  cleaning 
the  periphery  of  grinding  wheels.  This  cleaning 
breaks  away  dull  abrasive  grains  and  smooths 
the  surface  so  that  there  are  no  grooves. 
Truing  is  the  term  used  to  describe  the  re- 
moval of  material  from  the  cutting  face  of  the 
wheel  so  that  the  resultant  surface  runs  abso- 
-  lately  true  to  some  other  surface  such  as  the 
grinding  wheel  shaft. 


28.63 

Figure  5-5.— Using*  grinding 
wheel  dresseK 

The  wheel  dresser  shown  in  figure  5-5  is 
used  for  dressing  grinding  wheels  on  bench  and 
pedestal  grinders.  To  dress  a  wheel  with  this 
tool,  start  the  grinder  and  let  it  come  up  to 
speed*  Set  the  wheel  dresser  on  the  rest  as 
shown  .in  figure  5-2  and  bring  it  in  firm  contact 
with  the  wheel.  Move  the  wheel  dresser  back 
and  forth  across  die'  face  of  the  wheel  until  die 
surface  is  clean  and  approximately  square  with 
the  sides  of  the  wheel. 

■  K  grinding  wheels  get  out  of  balance  because 
of  out-of-roundness,  dressing  the  wheel  will 
usually  remedy  the  condition.  A  grinding' wheel 
can  get  out  of  balance  by  being  left  sitting  with 
part  of  the  wheel  immersed  in  the  coolant;  if 
this  happens,  the  wheel  should  be  removed  and 
dried  out  by  baking.  tt  the  wheel  gets  out  of 
balance  axially,  it  probably  will  not  affect  the 
efficiencyjof  the  wheel.  This  unbalance  may  be 
remedied  simply  by  removing  the  wheel  and 
cleaning  the  shaft  spindle  and  spindle  hole  in 
the  wheel  and  the  flanges. 

Each  time  that  a  wheel  ,  is  dressed  it  is  nec- 
essary that  you  check  the  clearance  between  the 
tool  rest  and  the  wheel.  Reestablish  the  clear* 
ance  at  1/16- inch  as  required.  Adjustments' 
must  be  made  with  the  machine  secured  to  pre- 
clude possible  injury  to  the  operator.- 

GRINDING  METAL  STOCK 

r  To  grind  a  straight  edge  on,  metal  stock 
(figure  5- 6 A)  adjust  the  tool  rest  so  that  it  just 
clears  the  wheel  and  is  approximately  at  the 
center  line  of  the  wheel.  Then,  keeping  the  edge 
of  the  stock  parallel  with  the  center  line  of  the 
grinder  shaft,  pass  the  stock  across  the  face  of 
the  wheel.  Grind  across  the  entire  width  of  the 
piece,  using  that  pressure  which  will  keep  the 
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>  &»8A.— Grinding  a  straight 
edge  on  metal  stock* 


44425 

Figure  5-6B.— Grinding  a 
bevel  on  metal  stock. 


wheel  cutting  bat  will  not  appreciably  decrease 
its  speed.  Grinding  across  the  entire  width  of 
the  piece  and  the  wheel  wears  the  wheel  evenly 
and  helps  prevent  overheating. 

To  grind  a  bevel  on  an  edge,  (figure  5-6B), 
hold  the  stock  as  shown  so  that  it  is  resting 
both  on  the  wheel  and  on  the  edge  of  the  tool 
rest.  The  edge  being  ground  is  away  from  the 
tool  rest  and  therefor  tfis  not  liable  to  get  caught 
between  the  tool  rest  and  the  wheel.  Pass  the 
stock  across  the  face  of  the  wheel  Just  as  you 
do  when  grinding*  square  edge. 

To  grind  a  rounded  edge,  set  the  tool  rest  at 
the  center  line  of  the  wheel.  With  one  hand, 
hold  the  end  of  the  stock  being  ground  so  that 
you  can:  move  it  from  left  to  right,  across  the 
face  of  the  wheel, as  shown  by  the  small  double* 
headed  arrow  in  figure  5*7,  and  also  hold  it 
down  firmly  on  'the  tool  rest.  With  the  other 
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Figure  5-7.— Grinding  a  rounded 
-  edge  on  metal  stock. 


44.127  . 

Figure  5-8. —Dressing  a  center  punch 
with  a  bench  grinder. 

hand  swing  the  arc  shown  by  the  longer  curved 
double-headed  arrow  at  the  opposite  end  of  the 
stock.  The  motion  indicated  by  the  curved  ar- 
row will  produce  the  rounded  edge  on  the  stock. 
The  travel  indicated  by  the  short  straight 
double-headed  arrow  will  prevent  the  wearing 
of  a  groove  in  the  wheel  which  would  have  to  be 
removed  by  dressing,' 
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Figure  5-P.— &n*pes  of  screwdrivers  when 
properly  dressed. 


'  1.14.1B 

Figure  5-10.-Checking 

the  squareness  of 

the  end  of  a 
*  screwdriver. 

CENTER  PUNCH 
SHARPENING 

r 

To  sharpen  a  center  punch,  cradle  the  end 
of  the  punch  between  the  index  finger  and  thumb 
of  one  hand,  as  shown  in  figure  5-8,  resting 
that  hand  on  the  tool  rest  of  the  grinder.  Move 
the  punch  into  light  contact  with  the  rotating 
wheel  of  the  grinder  with  >the  center  line  of  the 
punchfbrming  about  a  45°  angle  with  the.fece  of 
the  wheel.  This  will  give  the  approximate  90° 
included  angle  required  for  a  center  punch. 
With  the  thutob  and  index  finger  of  the  other 
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Figure  5-11.— Grinding  a  screwdriver 
tip  with  a  bench  grinder. 


44.128 

Figure  5- 12. -Sharpening  snips  on 
a  grinder. 

hand  rotate  the  punch  as  shown  by  the  'direc- 
tional arrow  in  figure  5-8.  Keep  the  point  cool 
by  using  onlyrlight  pressure  on  the  wheel  and 
by  frequently  dipping  the  punch  in  a  can  of  cool- 
ing water.  Sharpen  a  prick-punch  in  the  same 
way  with  the  exception  that,  since  the  included 
angle  should  be  30°  rather  than  90°,  the  angle 
between  the  center  line  of  this  punch  and  the 
wheel  should  be  about  15°. 

SCREWDRIVER  TIP 

DRESSING  . 

Figure  5-9,  parts  A  andC  are  the  front  views 
of  a  properly  dressed  screwdriver;  5-9B  and 
5-9D  are  the  side  views. 
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A  B 

Figure  5-13.— Good 
and  bad  shaped 
chisel  heads. 


29.9K 
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Figure  5-15.— Proper  angle  for 
general  use  cold  chisel. 


^29.9J, 


Figure  5-14.— Grinding  a  chisel  head 
with  a  bench  grinder. 


44.130 

Figure  5-16.— Sharpening  a  chisel 
with  a  grinder.  * 


iTo  dress  a  common  screwdriver,  dress  the 
sides  so  that  the  blade  is  symmetrical  in  shape. 
Then,  square  off  the  end.  Check  the  squareness 
of  the  end  by  resting  the  tip  on  the  handle  of  a 
try  square  and  moving  the  shank  of  the  screw- 
driver close  to  the  blade  of  the  square.  If  the 
blade  and  the  shank  appear' to  be  parallel;  the 
tip  is  square.  See  figure  5-10. 

On  the  common  screwdriver,  grind  the  faces 
of  the  blade  so  that  they  are  parallel  or  nearly 
parallel  at  the  tip  as  shown  at  B  and  D  in  figure 
5-9.  The  thickness  of  the  blade  at  the  tip  should 
be  such  that  the  tip  will  just  enter  the  slotof  the 
screws  you  intend  to  turn.  With  suc.i  a  tip 
thickness,  and  the  sides  parallel  or  nearly  so, 
the  screwdriver  will  have  the  least  tendency  to 
climb  out  of  the  screw  slot  when  the  screw  is 
being  turned  home* 


The  screwdriver  shown  in  figure  5-9D  has 
been  ground  by  resting  it  flat  against  the  grind- 
ing wheel.  A  6-inch  wheel  produces  about  the 
right  grind  on  a  screwdriver  used  for  small 
screws.  Hold  the  blade  high  on  the  circumfer- 
ence of  the  wheel  and  rest  the  shank  on  the  tool 
rest.  See  figure  5-11.  r* 

When  grinding  a  screwdriver,  do  not  let  the 
tip  get  too  hot  or  the  temper  will  be  drawn. 
Overheating  is  discussed  later  in  the  section  on 
sharpening  metal-cutting  chisels. 


TIN  SNIPS 
SHARPENING 


\ 


To  sharpen  tin  ships  on  a  grinder,  open  the 
snips  as  shown  in  figure  5-12,  resting  the 
blade  on  the  tool  rest.  Hold  level  the  handle  of 
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Figure  5-17;-Two  cutting  edge 
.  shapes  of  cold  chisels. 


Figure  5-18.-Mental  alertness  is 
vital  to  safety. 


the  blade  being  ground  and  then  rotate  the  other 
blade  at  whatever  angle  is  necessary  to  grind 
the  cutting  edge  to  an  included  angle  of  80°  to 
85°.  Holding  the  blade  lightly  against  the  ro- 
uting 'wheel,  move  it  from  left  to  right  across 
the  face  of  the  wheel.  Sharpen  first  one  blade  of 
the  snips  and  then  the  other.  While  sharpening 
one f  blade,' be  careful  to  keep  the  other  blade 
fromxoiting  into  contact  with  the  side  of  the 
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Figure  5- 19. -Eliminate  potential 
hazards.  - 


ORILL  POINT 
ANGLE 


CUTTING  UP 


LIP       *    CHISEL  EDGE 
CLEARANCE  ANGLE 
ANGLE 


CHISEL 
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Figure  5- 20.-Specifications  for 
grinding  a  regular  point 
twist  drill. 


wheel.  Sharpening  tin  snips  requires  close  and 
careful  attention;  improper  techniques  may  re- 
sult in, wrecking  the  snips  or  even  in  serious 
personal  injury. 

CHISEL  HEAD  GRINDING 

In  figure'  5-  13A  you- will  see  a  properly 
ground  chisel  head.  Keep  it  that  way  by  frequent 
grinding  before  it  begins  to  mushroom  as  shown 
in  figure  5-13B.  • 

Npver  use  a  chisel  whose  head  has  been  al- 
lowed to  mushroom.  You,  or  others,  can  be 
injured  by  chips  or  metal  flying  off  the  head 
when  it  £s  hammered. 

Remove  the  ragged  edges  of  such  a  head  by 
grinding  them  off.  One  way  to  do  this  is  to  hold 
the  head  against  the  wheel  as  shown  in  figure 
5-14. 
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DRILL  POINT      CLEARANCE      CHISEL  EDGE 
ANGLE  ANGLE  ANGLE 
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Figure  5-21.— Specifications  for  grinding 
a  flat  point  twist  drill. 


Turn  the  chisel  with  one  hand  as  you  apply 
pressure  with  the  other*  Grind  across  the  en- 
tire face  of  thief  wheel  to  keep  it  flat. . 

SHARPENING  METAL- 
CUTTING  CHISELS 

Metal-cutting  chisels  ,  are  sharpened  by  ; 
grinding.  These  chisels  are  designed  to  cut 
cold  metal;  so  the  general  term  "cold  chisel"  is 
often  used*  The  angle  of  60%  shown  on  the  cold 
chisel  .in  figure  5-15,  is  for  a  general- use  cold 
chisel*  Increase  this  angle  somewhat  for  cut- 
ting harder  metals  and  decrease  it  for  those 
that  are  softer. 

To  sharpen  a  metal-cutting  chisel,  hold  the 
chisel  to  the  wheel,  resting  it  on  the  tool  rest. 
(See  fig.  5*16.)  Notice  that  the  index  finger, 
curved  beneath  the  chisel,  rides  against  the 
.front  edge  of  the  tool  rest.  This  affords.:good 
control  of  the  chisel  and  will  help  you  to  grind 
a  single,  equal  bevel  on*each  side. 

Let  the  chisel  rest  only  lightly  against,  the 
wheel  when  grinding.  Less  heat  will  be  devel- 
oped  and,  because  the  speed  of  the  wheel  is  re- 
duced only  slightly,  the  air  currents  created  by 
the  wheel  will  have  the  maximum  cooling  effect. 
If  the  temperature  of  the  cutting  edge  rises  to 
the  point  where  the  metal^begins  to  turn  blue  in 
color  ..the  temper  has*  been  drawn,  the  cutting, 
edge,  has  been  softened,  and  the  edge  will  not 
stand  up  in,  use*  The  putting  edge  will  have  to 
be  rehardened,  drawn  to  the  proper  temper 
(hardness),  and  the  sharpening  continued.  As 
long' as  you  can  touch  the  cutting  edge  you  are 
grinding  with  your  bare  hand  and  keep  it  there, 
you  are  in  no  danger  of  drawing  the  temper. 
Notice  that  it  is  the  temperature  of  the  cutting 
edge  that  is  important.  This  means  thfe  very 
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RESULT  OF  CORRECT  LIP  GRINDING 
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Figure  5-22.-Grinding  drill  lips 
correctly. 
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Figure  5-23.-Checking  the  drill 
*  point  angle  and  cutting  edge. 


44.20W 

Figure  5- 24. -Three  steps  for  grinding 
a  twist  drill  with  a  grinder. 

tip  of  the  chisel  where  the  bevel  is  being  ground. 
The  chisel  at  a  point  an  inch  or  less  from  the 
cutting  edge  may  be  cool,  while  the  cutting  edge 
itself  turns  blue  from*  overheating.  Check  this 
carefully  While  grinding. 

Figure  5-17A  shows  a  cold  chisel  ground 
with  a  slight  curvature,  and  figure  5- 17B  shows 
a  straight  cutting  edge.  Both  types  of  edges  are 
used.  The  curved  cutting  edge  is  ground  by 
swinging  either  end  of  the  chisel  slightly  from 


Figure  5-25.*-Grinding  a  twist  drill  with 

a  grinder  (initial  position).  44.20Y 
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Figure  5-26.-Grinding  a  twist  drill  with 
„  a  grinder  (final  position).  - 

left  to  right  as  the  two  faces  of  the  cutting  edge 
are  being  ground. 

For  shearing  metal  in  a  vise  the  chisel  Wh 
the  straight  edge  may  be  better.  The  chisel 
-  with  the  curvature  will-probably. work  better 
when  you  are  cutting  metal  on  a  flat  plate.  . 

Be  sure  you  are  alert  when  you  work  (fig. 
5-18).  After  you^have  completed  your  use, of 
the  tools,  remove  any  possibility  of  danger 
from  slipping  or  tripping  (fig.  5-19), 
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Figure  5-27.-Grlnding 
a  twist  drill  for 
brass. 


B 
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Figure  5-28 .—Thinning  the  web 
of  a  twist  drill. 
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Figure  5-29.— Sharpening  a  twist  drill 
with  a  tool  grinder. 


HAND  SHARPENING 

TWIST  DRILLS  \  I    *  ♦ 

The  following  requirements  are  of  greatest 
importance  in  twist-drill,  grinding:  (1)  equal 
and  correctly  sized  drill-point  angles,  (2)  equal- 
length  cutting  lips,  (3).correct,clearance  behind 
'the  cutting  lips,  and  (4)  correct  «chisel-etige 
angle.  All  four  are  equally  important  When 
grinding  either  a  regular  point  (fig.  5-20), which 
is  used  for  generan  purposes,  or  a  flat  point 
(fig.  5-21)  which  is  used  for  drilling  hard  and 
tough  materials.-      1  ,  - 

'  Figure  5-22  shows  .the  results'of  correct 
lip  grinding  and  how  eijual  drill  point  angles  and 
two  equal  lengtt^.cutting  lips  help  achieve  cor- 
rect drill  results.  | 

Figure  5-23  shows!,,  a  drill  being  checked 
during  grinding.  The  drill-point  gage  Is.being 
held  against  .the  body  of  the  drill  and  has  been 
brought  down  to  where  the  graduated  edge  of  the 
gage  is  in  contact  with  one  cutting  edge.  In  this 
way, "both  the  drill- point  I  angle  and  the  length  of 
,  the  cutting  edge  (or  lip)  are  checked  at  the 
same  time.  'The  processus  repeated  for  the 
other  side  of  the  drill.  \ 

Lip  clearance  behind  the  cutting  lip  at  the 
margin  is  determined  t?y  inspection.  This 
means  that  you  look  at  tHe  drill  point  and  ap- 
proximate the  lip-clearance  angle  (see  figs. 
5-20B  and  5-21B),or  compare  it  to  the  same 
angle  that  has  been  set  up  on  a  protractor.  The 
lip-clearance  angle  is  not .%  necessarily  a  def- 
inite angle,  but  must  be  Within. certain  limits. 
Notice  that  in  figure  5-20B  this  angle  ranges 
from  8°  to  12°  and  that  the  range  given  In  fig- 
ure 5-21Bvls  6 3  to  9°.  Whatever  angle*  in  the 
range  is  used,  however,  lip^  clearance  should 
be  the  same  for  both  cutting  lips  of  the.drill. 

There  must  be  lip  clearance  behind  the  en- 
tire length  of  the  cutting  lip  which  extends  from 
the  margin  of  the'drill  to  the  ihlsel  edge.  This 
means  that  there  must  be  "relief"  behind  the 
cutting  lip  along  its  entire  length. 

When  lip  clearance  is  being  "ground  into"  a 
drill,  the  llp-ciearance  angleland  the  chisel 
edge  angle  (shown  at  C  in  figs. ^5-20  and  5-21) 
will  be  your  guide  to  the  amount  of  clearance 
you  have  ground  into  the  drill  bekind  the  cutting 
lip  along  its  entire  length.  Thel greater  these 
angles  are,  the  more  clearance!  tljere  will  be 
behind  their  respective  ends  of  the  cutting  lip. 
Too  mufch  lip  clearance,  which  occurs  when  both 
'  the  lip- clearance  angle  and  the  chisel-edge 
angle  exceed  .their  top  limits,  Weakens  the 
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cutting  edge  or  lip  by  removing  too  much  metal 

-  directly  behind  it.  Too  little  or  tio  lip  clear- 
ance, prevents  the  cutting  edge  from  producing 
a  chip,  or  cutting,  and  the  drill  will  not  drill  a 
hole. 

;  •  To  SHARPEN  TWIST  DRILLS,  first  get  the 
grinder  ready.  If  necessary,  dress  the  face  of 
the  wheel  so.  that  it  is  clean,  a  true  circle,  and 
square  with  the  sides.  Before  starting  the 
grinder,  reaijust  the  tool  rest  to  1/16"  or  less 
from  the-  face  of  the  wheel/  This  is  an  im- 
portant safely  treasure  which  will  help  keep 
work  from  wedging  between  the  tool  rest  and 
the  face  of  the  wheel. 

^  After  Starting  the  grinder  and  letting  it  come 
Hp-to  speed,  you  can  begin  grinding  the  drill 
point.'  Hold  the  twist  drill  as  shown  in  figure 
5-.24A,  which  is  a  top  .view  of  the  first  step  in 
grinding  a  drill.  The  axis  of  the  driU,  in  the 
first  step,  should  make  an  angle  of  about  59° 
(half  of  the  drill-point  angle)  with  the  fece  of 
the  wheel  as  shown  in  fig.  5-27A.  The  cutting 

.  lip  should  be  horizontal.  Figure  5-25  is  an 
actual  photograph,  side  view,  of  the  same  drill 
position  which" is  shown  in  figure  5-24A. 

The  actual  grinding  of  the  drill  point  con- 
sists of  three  definite  motions  of  the  shank  of 
the  drill  while  the  point  is  held  lightly  against 
the  rotating  wheel.  These  three  ^motions  are: 
(1)  to  the  left,  (2)  clockwise  rotation,  (3)  down- 
ward. 

Figure  5-24  shows  the  motion  to  the  left  in 
three  views  as  the  angle  between  the  face  of  the 
wheel  and  the  drill  decreases  from  about  59°  to 
about  50°. 

In  figure"  5- 24  the  clockwise  rotation  is  indi- 
cated byihe  advance  of  the  rotation  arrows  in 
A,  3,  and  C.  Rotation  is  also  pictured  by  the 
change  in  position  of  the  cutting  lip  as  well  as 
that  of  the  tang. 

-  Because  figure  5-24  is  a  top  view,  the  third 
(dbwnward)  motion  is  not  noticeable.  However, 
all  three  motions  are  apparent  when  an  actual 
photograph  of  the  final  position  of  the  drill  in 
figure  5-26  is  compared  to  the  initial  position 
in  figure  5-25.  All  three  motions  taking  place 
at  the  same  time  combine  to  produce  the  ijn-_  ] 
portant  requirements  mentioned  before  (1)  equal" 
and  correctly  sized  drill-point  angles,  (2)  .equal- 
length  cutting  lips,  (^correct  clearance  "behind 
the  cutting  lips,  and  (4)  correct  chisel-edge 
angle.  Checking  by  means  of  a  drill-point 
gage,  figure  5-23,  and  by  inspection  will  show 
when  these  four  requirements  have  been  met. 


SHARPENING  A  TWIST  DRILL 
FOR  DRILLING  BRASS  J 

~  To  grind  a  drill  for  drilling  brass  hold  the 
cutting  lip  against  the  right  side  of  the  wheel 
as  shown  in  figure  5-27.  Grinding  the  flute 

,  slightly  flat,  in  line  with  the  axis  of  the  drill, 
greatly  reduces  the  inqludedangle  of  thS'cutting 
lip.  This  will  give  the 'drill  a  scraping  action, 
necessary  for  brass,  rather  than  the  cutting  ac- 
tion used  for  steel.  This  scraping  action  will 
prevent  the  tendency,  that  invariably  occurs  with 
drills  not  ground  for  brass,  to  stick  in  the  hole 
being  drilled.   This  sticking  is  troublesome 

^  especially  when  drilling  through  a  pilot  hole. 

THINNING  THE  WEB  OF 
A  TWIST  DRILL 

Repeated  sharpening,' which  shortens  the 
drill,  or  the  fact  that  the  remaining  length  of  a 
broken  drill  has  been  resharpened,  results  in  an 
increase  in  the  web  thickness  at  the  point.  This 
may  require  web  thinning. ,  Correct  web  thin- 
ning, when  it  becomes  necessary,  is  important 
for  satisfactory  drilling. 

To  thin  the  web  of  a  drill,  hold  the'  drill 
lightly  to  the  face  of*  a  round-faced  wheel,  as 
shown  in  figure  5-28A,  and  thin  the  web  for  a 
short  distance  behind  the  cutting  lip  and  into 
the  flutes.  This,  is  shown  in  figure  5-28B. 
Notice  that  the  cutting  lip  is  actually  (but  only " 
slightly)  ground  back,  reducing  its  included 
angle  only  a  very  little  and  not  enough  to  affect 
the  operation  of  the  drill. 

SHARPENING  TWIST  DRILL 

BY  MACHINE  7 

/ 

Sharpening  a  twist  drill  by  hand  is  a  skill 
that  is  mastered  only  after  much  practice  and 
careful  attention  to  the  details.  Therefore, 
whenever  possible,  use  a  tool  grinde*  in'which 
the  drills  can  be  properly  positioned,  damped 
in  place  and  set  with  precision  for  thfe  various 
angles.  This  machine  grinding  (fig.  5-29)  will 
enable  you  to  sharpen  the  drills  accurately.  As 
a  result,  they  will  last  longer  and  will  produce 
more  accurate  holes.  [/ 

Whether  you  are  sharpening  a  drill  by  hand 
or  by  machine,  it  is  very  necessary  that  the 
temperature  at  the  point  be  kept  down.  As  the  e 
point  gets  hot,  it  approaches  the  temperature  at 
which  the  temper  of  the  steel  will  be  -drawn. 


139 


1£Q7 


75": 


TOOLS  AND  THEIR  USES 


Keep  the  point  cooi  enough  to  be  held  in  your 
bare  hand.  Do  this  by  making  a  few  light  passes 
over  the  grinding  wheel.  Take  a  few  seconds  to 
let  the  point  cool  and  repeat  alternate  grinding 
and  cooling.  .  -  't  • 

Once  you  notice  the  appearance  of  a  blue 
temper  color  at  the  point,  it.  is  too  late,  Ypu 
have  drawn  the  temper  and  the  steel  is  now  too 
•oft  to  hold  a  cutting  edge.  Then  the  only  thing 
you  can  do  is  to  continue  the  sharpening  procr 
ess,  first  one  lip  and  then  the  other,  untii^  you 


have  finally  ground  away  the  soft  tip  of  the  drill. 
This  means,  that  you  must  grind  away  all  that 
portion  of  the  tip  which  is  blue.  As  the  blue 
color  indicates  softness  throughout  the  entire 
point  of  the  drill,  and  not  only  on  the  blue  sur- 
face, resharpening  must  be  continued-until  all 
of  the  blue-colored  metal  has  been  ground-away. 
This  operation  must  be  done  very  slowly  and 
carefully,  keeping  the  point  cooi  to  prevent  con- 
tinual bluing  of  the  metal. 
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CHAPTER  6  . 

_  METAL  CUTTING  OPERATIONS 


.Many  handtools  and  power  tools  have  been 
designed  for  the  specific  purpose  of  cutting 
quickly  and  accurafely.  This  chapter 
will  describe  some  ntetal  cutting  operations  that 
caff  be  performed  with  chisels,  drill*,  tops, 
dles^  reamers,  and  pipe  and  tubing  cutters. 


METAL  CUTTING  WITH  CHISELS 

'When  struck  with  a  heavy  hammer,  a  cold 
chisel  is  capable  of  cutting  metal.  With  chisel 
and  hammer,  you  can  cut  wires,  bars,  rods  and 
other  shapes  of  metal  and  also  cut  off  the  heads 
of  rivets  and  bolts.  - 


CUTTING  WIRE  OR  ROUND  STOCK 

e>  Mark  off  a  guideline  on  the  stock  and  place 
*  '  *****  face  of  an  anvil  or  other 

5?  bl«  worklnS  f«rface.  Place  the  cutting  edge 
?  iaL  i,^?,"*1  f-L"1*  ta*rk  in  a  vertlcal  P°«"ion 
W  Si.lSUy  ,f,trike  tee,  chlsel  wlth  »•  hammer. 
Check  the  chlsel  mark  for  accuracy.  Continue 

f>-**fik-      chlsel        the  cut  Is  made.  The* 
bl°7°f  "»e  hammer  should  be  made 
«££LP  to  the  -anvil,  supporting- 

surface,  or  to  the  chlsel.  - 

l»  c*.  m  the  same  manner  ex- 
J*,..}  0x9  0x1  ls'  mi6e  halfway  through  the 
stock;  toe  work  is  then  turned  over  and  the  cut 
finished  from  the  opposite  side. 

CUTTING  OFF  A  RIVET 
OR  BOLT  HEAD 

Hold  the  work  In  a  heavy  vise  or'  secure  It 
some  other  way  so  that  the  work  will  not  move. 
£?!  l8;u6"LU')  Hold  0,6  C°W  chisel  with  one 

SSif&FT  /£*  on  the  surface  of  the  job. 
Strike  the  head  of  the  chisel  with  the  hammer 
as  you  loosely  hold  and  guide  the  chisel/ 
To  cut  off  a  rivet  head  with  a  cape  chlsel 

diameter  of  the  rivet.  Cut  through  the  center  of 


;  -  the  rivet  head,, holding  one  face  of  the  bevel  flat 

8^?C!  °f  the  job«  and  then  sever  the 
center  of  the  head  from  the  shank  or  body,  as 
shown  In  figure  6-  IB.  y' 

To  cut  off  a  rivet  head  with  a  side  cutting 
chlsel  place  the  chlsel  nearly  flat  on  the  sur- 
face of  the  work  with  Its  single  bevel  upwards. 

«rl?A  futtlng        ^r  the  edge  of  the 
rivet  head  just  as  you  would  if  you  were  using 

S  2B  t£  8S*  (%  "''J-2^'  -Notlce'ln  ££& 

slight  radius  which  will  tend  to  prevent  the 

SSE?1*!?  CUttlng  "Arable  grooves  In  the  • 
surface  or  the  work. 

To  remove  a  rivet  head  (fig.  6-3)  when  there 
^  if0"  enou8h  to  swing  a  hammer  with 
sufficient  force  to  cut  the  rivet/ first  drill  a  ' 
hole  about  the  size  of  the  body  of  the  rivet  in 
and  almost  to  the  bottom  of  the  rivet  head.  Then 
cut  off  the  head  with  a  cold  chlsel. 


B 

"29.95 

Figure  6-l.-Cuttlng  off  a  rivet  head 
with  a  chisel.; 
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29.9T 


Figure  6-2.-Cutting  off  a  rivet  head  * 
with  a  side  cutting  chisel. 


DRILLED  HOLE 


ROUND  HEAD  RIVET 

29.9U 


Figure  6-  3.-Removing  a  rivet 
head  in  a  hard  to  reach  position. 


*  .1.25" 

Figure  6-4.-Holding  small  pieces 
in  a  vise  for  drilling. 


METAL"  CUTTING  WITH  PRILLS 

In  drilling  any  metal,  there  are  several  gen- 
eral steps  to  be  followed.   First,  mark  the 


Figure  6-5.-Holding  work  with 
a  drill  press  vise.^j 


44.140 


Figure  6-6.-Holding  work 
in  V-blocks.  . 


exact  location  of  the  hole.  Second,  secure  the 
wprk  properly.  Then,- use  the  correct  cutting" 
speed  and  appropriate  cutting  oil  or  other 
coolant,  where  applicable.  Finally,  apply  pres-, 
sure  on  the  drill  properly.  .It  is  assumed  that 
•'ou  have  selected  the  correct  drill  size. 

LOCATING  THE  HOLE-     '  ,  ' 

The  exact  location  of  the  hole  must  be 
marked  with  a  center  punch.  The  punch  mark 
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-STEP  BLOCK  GOOSE-NECK  WORK 
r  CLAMP 


Figure  6-7.-Holding  work  to  drill 
holes  in  the  end  of  round  stock. 


44.141 


11.15X 

Figure  6-8. -Step  block  and  clamps.  * 

forms  a  seat  for  the  drill  point,  thus  ensuring 
accuracy.  Without  the  punch  mark,  the  drill 
may  have  a  tendency  lb  Vwalk  off"  before  it  be- 
gins to  cut  into  the  metal. 

HOLDING  THE  WORK 

«  „ 

Most  work  is  held  for  drilling  by  some  me- 
chanical means  such  as  a  vise  or  clamps.  It  is 
MANDATORY  th»t  the  work  be  WELL  SE- 
CURED., If  not,  the  work  or  stock  may  rotate 
at  high  speed  or  fly  loose,  and.  become  a  high 
speed  projectile  endangering  all  personnel 
within  range.  Various  securing  procedures  are 
discussed  in  the  following  paragraphs. 

When  drilling  in  small  pieces  with  a  hand 
held  drill,  it  is  best  to  hold  the  work-in  a  vise 
so  that  the  axis  of  the  drill  is  horizontal  (fig. 
6V4);  This  position- provides  better  control  of 
the  drilling  operation  and  will  tend  to  ensure  a 
hole  which  will  be  square  with  the  surface  of  the 
work. 

When  drilling  in  small  pieces  with, a  drill 
press,  Jiold  the  work  either  in  a  drill-  press 
vise  (fig.  6-5),  or  between  V-blocks  (fig.  6-6). 
CAUTION:  BE  SURE  TO  FASTEN  THE  DRILL 
PRESS  VISE  OR  V-BLOCK  TO  THE  DRILL 
PRESS  TABLE.    .   "  . 


MACHINE  TABLE  ' 
28.231 

Figure  6-9i-Holding  work  with  step 
block  and  clamp  for  drilling. 


t  44.1403 
Figure  6-10.-Holdlng  thin  gage  metal 
for  drilling.  - 


When  using  a  drill  press  to  drill  holes  in  the 
end  of  round  stock,  place  the  stock  In  one  of  the 
V-grooves  In  the  stationary  jaw  of  the  drill  vise 
as.  shown  in  figure  6-7.  These  V-grooves  will- 
hold  the  work  perpendicular  to  the  table  of  the 
drill  press.  The  drilled  hole  will  then  be  paral- 
lel with  the  axis  of  the  round  stock. 

Drilling  holes  in  large  pieces  can  be  ac- 
complished by  holding  the  work  with  a  step  block 
and  clamps  (fig.  6-8).  (A  piece  of.metal  of  suit- 
able size,  with  a  hole  drilled  near  one  end 
makes  a  suitable  substitute  for  a  clamp.) 

When  holding  work  with  step  blocks  and 
clamps,  you  may  use  a  gooseneck  clamp  as 
shown  in  figure  6-9.  Notice  that  the  body  of  the 
clamp  Is  "approximately  paraUel  with  the  sur- 
face of  the  drill  press  table  and  that  the  bolt  is 
held  close  to  the  work  rather  than  close  to  the 
step  block.  This  setup  provides  the  mosfl 
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Table  6-L~Drill  Speeds  In  R«P*M 
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f  914 

X 

rm 
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m 

471 
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X 

\m 

4M 
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*  947 
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4HH  tpssd  w(4f^rt     4^^G  ^tow^ 


favorable  mechanical  advantage.  Usually,  two 
or  more  clamps  are  used  on  each  setup, 

It  you  are  required  to  bold  thin  metal,  place 
tt  on  a  block  of  wood  to  provide  support  directly 
beneath  the  Intended  hole.  This  support  will 
also  help  minimise  drill  breakage  when  the  4 eed 
pressure  is  applied.  Secure  the  C-clamp  as 
drown  in  figure 6- 10  and  drill  through  the  jnetal. 
and  into  tt*  wood.  Stop  drilling  when  wood 
chips  wear  to  avoid  damage  to  the  drill  table^ 

SPEED  INFORMATION  1 

'  The  correct  cutting  speed  for  metal  drilling 
depends  upon  the  type  of  metal  and  its  prop- 
erties plus  the  diameter  and  type  of  drill  (high 
speed  or  carbon).  See  Table  6-1. 

DRILLING '  HINTS 

S  is  necessary  to  use  a  cutting  oil  to  lubri- 
cate and  cool  the  drilFwhen  drilling  steel  and 


wrought  iron.  Cast  iron,  aluminum,  brass  and 
other  softvmetala  may  be  drilled  dry,althougb  , 
at, high  drilling. «geeds  it  is  advisable  to  us* 
1   some  medium  to  copl  thefe  metals/  Cotopressed 

*  air,  water,  and  laid  oil  ye  examples  of  such 
cooling  media.  Be  sure    use  goggles  whenever 

-  you  use  compre&bd ^air. 

Always  apply  gr^f sure  on  a  line  *thich  goes 
straight  Jthrough  the  axis,  of  the  drill.  (Side 
vpresSur^«will  enlarge  the  hole  and  can  break 

the  drill,)     *«  *  'V 
*  Keep  the  drill  steady  and  apply  enough  pres- 

,  J  sure  to  keep  K  cubing.  X00  much  PpMlwre  wiu 
overlpad  the  motor;  too  little  pressure  will 
merely  caipe  the  drill  to  ^polish"  instead  of 

•  cut.  This  will  quickly  dull  the  cutting  "edges  of 
.  the  dHlLYou  will  kpow  the  pressure  is  correct 

when  thfe  drill  bite's  continuously  without  over- 
loading, the  drill  motor. 

Vlien  drilling  large  holes,  do  it  in  stages.  A- 
pilot  hoi*  is  a  good  idea,  since*  it  serves  as  a 
guide  for  the,Mtfger  drill  and  helps  to  in<5rcasei 
'  accuracy* 
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~7  (#3- 


CREST 


ROOT 


Figure  6- 11. -Thread 
terminology. 


28.148(44B)A 


44.145 

Figure  6-13.— Proper  size  drilled 
hole  for  tapping. 


w  hoot; 

OMMCTERI 


rTAP  HOLE 


44445A 

Figure  6- 14  .-Oversize  drilled  hole 
for  tapping.. 

action  of  turning  the  screw,  nut,  or  bolt  gives  it 
endwise  as  well  as  rotary  motion.  . 
K_,M*ny  thread  types  exist.  These  types  include 
bolt  threads,  machine  screw  threads  and  pipe 
.  threads.  Before  we  proceed  with  descriptions 
of  thread  cutting  procedures,  we  must  become 
familiar  with  the  terminology  to  be  used. 


Figure  6-12.-Tap 
drill  size 
determination. 


28a48<44B)B       THREAD  TERMINOLOGY 


.    THREADS  AND  THREAD  CUTTING 

Threads  are  helical  ridges  cut  into  screws, 
outs,  bolts,  or  the  walls  of  a  hole,  so  that  the 


Refer  to  figure  6-11  and  note  that  the  outside 
diameter  of  a  thread  is  known  as  the  MAJOR 
DIAMETER.  The  diameter  across  the  roots  of 

25?  lS  caUed  toe  MJNOR  DIAMETER. 

The  prrCH  is  defined  as  the  distance  from  any 
point  onthe  thread  of  a  screw  to  the  correspond- 
ing point  on  an  adjacent  thread.  It  is  usually 
measured  from  crest  to  crest  and  is  expressed 
by  a  specific  quantity  of  threads  per  inch. 
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Figure  6-  15.-Underslze  drUled 
hole  for  tapping. 

TAP  DRILL  DETERMINATION 

H  a  threaded  hole  Is  to  be  made  In  a  piece  of 
metal,  a  hole  of  suitable  size  must  first  be 
drilled.  The  hole  must  be  somewhat  smaller 
than  the  sixe  of  the  bolt  to  be  screwed  into  it . 

How  do  you  determine  how  much  smaller  to 
drUl  this  hole?  Figure £12  snow«  the  »yf*e^ 
used  for  figuring  this.  The  resultant  thread  Is 
known  as a^S thread" because  the^er 
of  the  hole  Is  75%  of  the  difference  between  the 
major  and  minor  diameters,  subtracted  from 
the  major  diameter. 

When  the  top  hole  Is  the  right  size,  It  Is  a 
little  larger  than  the?  root  diameter  of  the  Up  as 
shown  in  figure  6-13.-  The  tap  will  cut  a  thread 
in  the  work  which  Is  only  75  percent  as  deep  as 
''  the  thread  on  the  tap.  The  other  25  percent  of 
the  depth  of  thread.on  the  tap  provides  clear- 
ance between  the"  top  hole  and  the  root  diameter 
of  the  tap.  (See  fig.  6-14.)  This  makes  tapping 

If  the  Up  drill  selected  Is  oversize,  the  tap 
hole  will  be  oversize,  and  the  top  can  cut  only 
shallow  threads  in  the  work.  (See  fig.  < 5-14.) 
With  less  than  a  full  75  percent  depth  of  thread, 
stud  or  capscrew  threads  usually  strip. 

If  the  Up  drill  selected  Is  underslze,  toe  top 
hole  will  be  underslze,  being  perhaps  equal  to 
the  root  dtomcter  of  the, top  as  shown  in  figure 
.  6-15.  Then  there  will  be  no  clearance,  and  the 
tap  will  turn  hard,  tear  the  threads,  and  prob- 
ably break.  -  .         :  .  „ 

The  best  method  to  determine  the  exact  size 
of  up  drill  to  use  is  to  refer  to  Table  6-2.  A 
chart  similar  to  this  generally  is  included  with 
a  set  of  Ups  and  dies.  Let's  see  how  this  toble 
is  used.  « 
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The  working  drawing  shown  /in  figure  6-16 
specifies  a  1/2  In.  13  National  Coarse  (NC) 
thread  to  be  tapped  in  athrougWhole  In  one  part 
(1/2  in.  deep  hole  in  1/2  In.  stock).  The  same 
thread  Is  to  be  topped  In  a  blind _hole  in  another 
nart  (3/4  in.  deep  hole  In  1  to-  stock).  The  1/Z 
£.  round,  stock  is  to  be  threaded  with  this  same 
thread  to  fit  the  topped  holes.  . 

Refer  to  Table  6-2  and  run  down  toe  first 
two  columns  until  you  locate  1/2-13  N.C.  Fol- 
low this  line  to  the  right /until  you  come  to  toe 
tap  drill  size,  27/64  In.  which  will  produce  apr 
proximately  a  75  percent  fuU  thread.  Use  the 
27/64  In.  drill  to  drill  a  through  hole  to  the  1/2 
in.  block  and  a  hole  3/4  In.  deep- In  toe  Ma. 
block  as  required  by  the  working  drawing. 
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CUTTING  MACHINE  THREADS 
WITH  TAPS  • 

A  50-50  mixture  of.white  lead  and  lard  oil, 
applied  with  a  small'  brush,  Is  highly  recom- 
mended as  a  lubricant  when  tapping  In  steel. 
Whenusing  this  lubricant,  tighten  the  Up  in  the 
Up  wrench  and  apply  the  lubricant  to  toe  top. 
Start  the  Up  carefully  with  Its  axis  on  the  cen- 
ter llne  of  the  hole.  The  tap  must  be  square 
with  the  surface  of  the  work,  as  shown  in  figure 

To  continue  topping,  turn  the  Up  forward 
two  quarter  turns,  back  It  up  a  quarter  turn  to 
break  the  chips,  and  then  turn  forward  again  to 
take  up  the  slack.  Continue  this  sequence  until 
the  required  threads  are  cut.  After  you  cut  for 
the  first  2  or  3'  full  turns,  you  no  longer  have  to 
exert  downward  pressure  on  the  wrench.  You 
can  tell  by  the  feel  that  the  tap  If.cutting  as  you 
turn  It.  Don't'  permit  chips  to  clog  the  flutes  or 
they  will  prevent  the-Up  from  turning.  When 
the  top  won'tfturn  and  you  notice.a  springy  teei- 
ine  stop  trying  immediately.  Back  the  tap  up  a 
q^xte/tuS  to  break  the  chips,  clean  them  out 
of  theflutes/wlth  a  wlreas  shown.in  figure  6-18, 
add  some  more  lubricant,  and  continue  tapping. 
When  the  tap  has  cut  threads  through  the  hole, 
"  thetopwUlturowltonoreslsUnce. 

To  Up  a  blind  hole,  sUrt  with  the  taper  Up. 
For  a  blind  hole  you  will  need  all  three  types- 
the  Uper,  plug,  and  bottoming  taps.  Be  sure 
they  aVV/the  size  and  thread  series  you  need, 
sum  tSt  the  top  hole  Is  the  size  called  for  by 
the  working  drawing  and  Table  6-2  . 

Beglri  with  the  Uper  Up.  Handle  It  as  de- 
sert and  shown  before.  Figure  6-  ISA  shows 
the  taper  Up  just  starting  to  cut.  In  figure 
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6-  19BU  has  cut  a  little  farther.  In  figure  6-19C 
it  has  bottomed  in  the  hole  after  having  cut  sev- 
•  eral  full  threads  near  the  top  of  the  hole.  This 
completesthe  work  to  be  done  with  the  taper  Up 

«— *  »g^e  eT20A  toe  taP  has  entered  the 
tawltaU  tiurwte  cut  by  the  taper  tap.  AUigure 
6-20B  it  has  continued  these  threads  a  little 
farther  down  into  the  hole.  At  figure  6-20C 
it  has  bottomed  in  the  hole.  This  is  all  the  work 
that  you  can  do  with  the  plug  tap.  It  has  cut  full 
breads  about  halfway  down  the  tap  hole  before 


In  figure  6-21  the  bottoming  tap  has  been 
substituted  for  the  plug  Up."  '£  ajw  MU 
it  has  been  run  down  the  full  threads  cut  by  the 
Plug  tap  and  iS  ready  to  cut  more  full  threads. 
In  figure  6-21B  it  has  cut  a  few  more  threads 

SlSite  *l21C  U  ¥s  the  hole. 

The  Wind  hole  has  now  been  completely  tapped. 

blin^hnif  M68e  thre?ds  are  tapped Ta 
bltad  hole,  chip  removal  must  be  done  differ- 

nSy,*  °.  rVTe  chips'  tack  the  ^p  com- 
pletely out  of  the  hole  Very  frequently,  invert 
the  stock,  if  possible, 'and  jar  out  the  chipsjo" 
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-Figure  6-16.— A  working  drawing  for  tapping 
andxuttlng  threads. 


1 


■    '  '  44.146 

Figure  6-17.-Uslng  a  square  to  ascertain 
a  tap  Is  square  with  the  work. 


work  them  out  of  the  hole  wlth^j^re^htirthe 
stock  Is  in  the  lnv#±«d^1fion.  B  the  work 
caro^e-lnvSff^blow  out  the  chips  with  air. 
-Wfienever  you  use  air,  BE  SURE  TO  ,USE 
SAFETY  GOGGLES.  Chip  removal  in  tapping 
blind  holes  Is  much  more  difficult  to  do  and  is 
very  Important  because  chips  will  fall  ahead  of 
the  Up  through  the  flutes  and  accumulate  In  the 
bottom  of  the  blind  hole.  Until  these  chips  are 
removed,  none  of  the  three  taps  can  complete 
Its  work.  In  tapping  blind  holes  alternate  with 
tapping  and  chip  removal  until  each  of  the  three 
taps  bottom  In  the  blind  hole. 


CHIPS 
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Figure  6-18.-Uslng  a  wire  to 
clear  chips  from  flute 
of  a  tap. 


Figure  6- 19  .-Tapping*  a  blind  hole  with 
a  taper  tap. 


When  *ou  have  flni^iecLusinrtfie  three  taps, 
brush  the  chips-out  of  their  teeth,  oil  them  well 
^witihsSiTcating  oil,  wipe  off  the  surplus  oil, 
and  replace  them  in  the  threading  set. 

CUTTING  MACHINE  THREADS 
WITH  DIES 

To  cut  threads  on  a  piece  of  round  stock, 
first  grind  a  chamfer  on  the  end  of  the  rod  as 
shown  in  the  working  drawing  in  figure  6-16. 
Then  hold  the  rod  vertically  in  the  vise  to  cut 
the  threads.  The  working  drawing  in  figure 
6-16  calls^or  a  1/2-13N.C.-1  thread.  The  1/2 
signifies  diameter  and  the  13  the  number  of 
threads  per  inch.  The  figure  1  after  the  N.C. 
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Figure  6-20.-Tapping  a  blind  hole 
with  a  plug  tap.  . 


) — MfP 
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Figure  6-23.-Assembling  a  plain 
round  split  die  to  diestock. 


DIE  STOCK 
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Figure  6-21.-Finish  tapping  a  blind 
hole  with  a  bottoming  tap. 


....  COMMON 

If    CENTER  LINE 
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Figure  6.24.rPosition  of  diestock  in  relation 
to.  chamfer  on  end  of  work. 
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Figure  6-22.-Assembling  an 
adjustable  round  split  die 
to  diestock. 


\ 
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Figure  6-25.-Cutting  outside  threads 
on  round  stock. 
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Indicates  that  a  class  1  fit  Is  required.  A  class 
1  fit  is  a  loose  fit.  The  fit  is  controlled  while 
threading  the  round  stock.  We  tap  the  threads 
in  the  hole  first,  as  there  Is  no  way  to  adjust  a 
Up.  However,  as  threading  dies  are  usually 
adiustable.we  can  control  theflt  of  the  threaded 
rod  In  the  tapped  hole  byadjustlng  the  threading 

^The  adjustable  round  spilt  die  shown  in  fig- 
ure 6-22  has  an  adjusting  screw  at  A.  By 
tightening  this  screw  and  spreading  the  die 
slightly,  it  will  cut  less  deeply  into  the  rod  and 
the  fit  in  the  tapped  hole  will  be  tighter.  The 
shallow' hole  at  B  is  placed  in  the  die  stock  op- 
posite the  adjustable  handle  Band  serves  as  a. 
drive  hole.  Also,  when  the  adjustable  handle  is 
tightened,  it  holds  the  split  die  together  and 
against  the  adjusting  screw  to  maintain,  the  set- 
ting while  the  die  is  cutting.  The  threads-o* 
cutting  teeth  of  the/dle^re-xhainfered  or  re- 
lieved atCJoJielF^afttoe  die  squarely  on  the 
^r^kVThe  die  is  put  into  tin  die  stock 
with  the  face  with  the  unchamfered  teeth  against 
the  shoulder,  D. 

Figure  6-23  is  a  plain  round  split  die  and 
die  stock.  At  A,  where  the  die  is  split,  thers  is 
no  adjusting  screw.  There  are  shallow  holes  at 
B  and  C,  on  both  sides  of  the  split,  opposite 
which  there  are  setscrews  in  the  die :  stock  at  D 
and  E.  F  is  the  adjusting  screw  which  ispofnted 
and  .enters  the  split  A  in  the  die.  D  aAfflS  are 
the  holding' setscrews.  They,  have  flat  points 
and  are  tightened  after  the  setting  is  made  with 
.  F.  D  and  E  hold  the  adjustment  and  furnish  the 
drive  as  they  enter  the  shallow  holes  B  and  C 
shown  in  figure  6-23.  .  ...        «  ' 

Figure  6-24  shows  a  section  of  the  die  in 
the  die  stock  and.  its  relation  to  the  chamfer  on 
the  end  of  the  work.  The  taper  on  the  face  of 
the  die  willaccept  the  chamfer  on  the  end  of  the 
work  to  start  the  threads  square  with  the. com- 
mon center  line.  -  _„  „  ... 

To  thread  the  work,  brush  some  50-50  white- 
lead  and  lard  oil  on  the  rod.  Start  the  die  square 
with  the  work.  Hold  one  handle  with  each  hand, 
apply  downward  pressure,  and  turn  flockwise 
until  you  feel  the  thread  has  been  started.  When 
the  die  has  started  to  cut,  rotate  the  die  stock 
two  quarter  turns,  back  it  off  one  quarter  turn 
to  break  the  chips,  and  repeat  the  cutting  (fig. 
6-25).  When  you  have  cut  enough  threads  so 
that  the  rod  comes  through  the  back  of  the  die  , 
remove  the  die  and  try  the  rod  in  the  tapped 
hoie. 


Adjusting  a  threading  die  to  produce  a  thread 
of  the  proper  fit  is  a  trial-and-error  pro- 
cedure.  This  was  a  trial  run.  If  the  fit  is  too 
loose,  cut  of/  and  discard  the  portion  of  the  rod 
that  you  threaded.  Then  expand  the  die  by 
tightening  the  pointed  setscrews  (or  the  adjust- 
ing screw)  so  that  the  die  will  cut  shallower 
threads  on  the  rod  and  produce  a  tighter  fit. 

If  the  fit  is  too  tight,  it  will  not  be  necessary 
to  discard  the  threaded  portion  of  the  rod-Con- 
tract the  die  by  backing  off  (loosening)  the 
pointed  setscrew  (or  the  adjusting  screw) ' to  d e- 
Sease  the  site  of  the  split  in  the  die.  This  will 
cause  the  die  to  remove  more  metal,  whe"xut- 
ting,  and"  produce  a  looser  fit.  Then  run  the  die 
down  the  cut  threads  that  were  tooji^ 
test  the  fit  again^bX^lnrthelhreaded  end 
into  th£_tapped'h6TeT  ' 
--WheTyou  have  finished  the  threading  job, 
remove  the  die  from  the  die  stock,  carefully 
clean  out  all  the  loose  chips,  and  apply  plenty 
of  oil.  Wipe  off  the  surplus  oil  and  put  the  die 
and  die  stock  away  in  the  threading  set  where 
it  wiU  be  protected  and  ready  for  the  next  job. 

RECONDITIONING 
MACHINE  THREADS 

To  recondition  machine  threads,  when  the 
damage  is  not  serious,  the  general  pracUce  is 
to  select  the  proper  threading  die  one  type  of 
which  is  shown  in  figure  6-26A.  SUrt  the .die 
with  the  chamfered  face  of  the  die  which  is 
shown  in  the  figure.  Put  it  in  a  die  stock,  and 
run  over  the  threads  that  are  damaged.  For 
steel,  lubricate  with  a  50-50  mixture  of  white 
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Figure  6-26.-Two  thread  recon- 
ditioning tools. 
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Figure  6-27 .-Thread  restorer. 
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Figure  6-28.— Adjustable  thread  restorer. 


lead  and  lard  oil,  lard  oil  alone,  or  lubricating 
oil  if  the  others  are  not  available.  Use  no  lu- 
bricant for  brass  and  copper. 

The  screw  and  bolt  rethreading  (lie,  shown 
in  figure  6-26B,  is  designed  especially  for  re- 
conditioning threads.  The  six  sets  of  cutting 
teeth,  vin  place  of  the  customary  four  sets  on  a 
threading  die,  provide  better  alignment  while 
the  die  is  recutting  damaged  threads.  Turn 
this  rethreading  die  with  any  type  of  wrench  or 
hold  the  die  in  a  vise  and  turn  the  threaded 
piece  through  tf- 

When  only  the  first  thread  or:the~ftrSi  2  or  3 
threads  are  damaged,  and  a  perfect  thread  is 
not  absolutely  necessary,  a  three- square  file 
can  be  used  to  touch  .up  the  tops  of  the  dam- 
aged threads. 

The  thread  restorer  shown  in  figure  6-27 
resembles  a  square  file.  Each  face  is  designed 
to  match  a  certain  pitch- screw  thread.  Two 
sizes  of  this  tool  are  available, each  one  cover- 
ing eight  different  machine-thread  pitches.  To- 
gether they  cover  a  range  of  from  9  threads 
per  inch  through  32  threads  per  inch.  Use  this 
thread  restorer  as  you  would  a  file,  maintaining 
the  proper  angle  (that  of  the  threads)  as  you  go 
over  the  damaged  threads. 


44.153X 

Tools  of  Jhis  type  are  available  for  external 
pipe  threads  as  well  as  for  machine  threads. 
The  thread  restorer  for  internal  pipe  threads, 
however,  is  similar  to  a.  tap.  This  type  of 
thread  restorer,  whether  internal  or  external, 
removes  metal.  Therefore,  the  threa4  that  re- 
mains as  a  restored  threadwill  not  be  a  perfect 
or  full  thread.  Where  the  crest  of  the  original 
thread  was  battered  over,  the  crest  of  the  re- 
stored thread  will  be  noticeably  flat.  Threads 
'restored  in  this  nianner  are,  for  practical  pur- 
poses, as  strong  as  new  threads  and  will  again 
enter  a  nut  or  tapped  hole. 

Another  type  of  thread  restorer  is  shown  in 
figure  6-^28.  This  tool  is  not  designed  to  cut 
new  threads,  but  only  as  a  maintenance  and  re- 
pair tool.  Its  action  is  a  reforming  action  and 
not  a  cutting  action.  Therefore  no  metal  is  re- 
moved from  the  thread  that  is  being  forced  back 
to  its  original  shape. 

Only  four  sizes  of  this  tool  are  necessary  to 
cover  thread  diameters  from  one-quarter 
inch  to  6  inches.  A  fifth  size  takes  all  diam- 
eters from  6  to  12  incHes,  inclusive.  Each 
size  will  fit  any  pitch,  left-  or  right-hand 
threads,  standard  pipe  or  machine  thread,  within 
the  size  limits  specified,  and  no  change  of 
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blades  or  dies  is  necessary,— This  restorer 
will  not  woricjm-AcineTEreads., 

Operate  this  thread  restorer,  simply 
slip  it  over  the  threads  with  the  arrow  on  top, 
or  toward  you.  Then  tighten  the  jaws  or  blades 
to  a  snug  fit  into  the  threads  close  to  the  back 
of  the  thread  where  no  damage  has  been  done. 
Then,  just  as  you  would  remove  a  nut,  turn  the 
tool  counterclockwise  in  the  direction  of  the 
arrow  on  right-hand  threads.  To  restore  left- 
hand  threads,  first  flop  the  tool  over  so  that 
the  face  of  the  tool  having  the  arrow  is  away 
from  you.  Then,  after  bringing  the  jaws  up 
snug,  run  the  tool  off  of  the  left-hand  threads 
by  turning  it  clockwise  so  that  it  will  move 
toward  you.  Notice  that  this  type  of  thread 
restorer  normally  works  from  the  bottom  or 
back  of  the  thread  out  toward  the  end,  restoring 
the  threads  as  it  progresses. 

In  most  cases,  resotrers  slide  easily  over 
key  ways  and  milled  flats  on  threaded  parts.  It 
may  be  found  that  the  milled  flat  is  rather  wide 
on  large-diameter  jobs.  In  such  cases  threads 
can  still  be  restored  and  the  tool  will  negotiate 
the  flat  if  you  will  clamp  a  half  round  piece  of 
•oft  wood  on  the  flat  and  operate  the  tool  as 
directed.  When  this  is  necessary,  it  is  usually 
on  work  of  2-inch  diameter  or  larger.  When 
used  on  studs  or  bolt*  having  cotter  pin  holes, 
a  small  wooden  plug  in  the  hole  will  avoid 
breaking  teeth.  Keep  the  restorer  clean  and 
well  oiled  both  in  use  and  in  storage. 
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SCREW  TAP 


Figure  6-29.— Comparison  of  machine 
thread  tap  and  pipe  thread  tap. 


CUTTING  INTERNAL 
PIPE  THREADS 

>  l 

Pipe  threads  are  tapered  threads  to  provide 
an  airtight  and  liquidtight  joint.  A  3/8 "  machine 
thread  tap  and  a  3/8"  pipe  thread  tap  are  com- 
pared in  figure  6*29,  show,  their  differences. 
The  3/8"  machine  thread  tap  will  cut  machine 
threads  in  a  hole  so  that  a  3/8"  cap  screw,  hav- 
ing the  same  thread  can  be  screwed  into  the 
hole.  The  3/8"  pipe  thread  Up  will  cut  pipe 
threads  in  a  hole  so  that  a  3/8"  threaded  pipp 
can  be  screwed  into  the  'hole.  Because  pipe 
diameters  are  measured  and  given  as  inside 
diameters,  and  the  wall  thickness  of  the  pipe 
must  be  taken  into  consideration,  the  3/8"  pipe 
thread  tap  in  figure  6*29  is  noticeably  larger 
than  the  3/8"  machine  thread  tap.  It  should  also 
be  noted  that  the  pipe  thread  tap  is  tapered,  but 
the  machine  thread  tap  is  not.  . 

The  N.P.T.,  which  formerly  stood  for  Na- 
tional Pipe  Thread,  is  still  used  as  a  carryover 
and  now  refers  to  the  new  name  for  the  same 
thread,  American  Standard  Taper  Pipe  Thread. 
This  standard  taper  is  3/4"  per  foot. 

To  select  the  proper  tap  drill  for  the  pipe 
tap  that  you-  will  use  to  tap  a  hole  to  take  a 
given  size  of  threaded  pipe,  refer  to  table  6-3. 
For  example,  if  you  want  to  drill  and  tap  a  hole 
to  take  a  3/8"  pipe  thread,  find  the  3/8"  pipe 
tap  in  the  Pipe  Tap  Size  column.  Opposite  this, 
in  the  Tap  Drill  Size  column,  is  19/32",  the 
proper  tap  d?ill  to  use  for  a  3/8"  pipe  tap. 

To  cut  internal  pipe  threads,  drill  a  tap  hole 
in  the  stock  to  be  tapped  and,  following  the  sug- 
gested procedure  for  tapping  machine  threads 
described  earlier  in  the' chapter  under  the 
heading  Cutting  Machine  Threads  With  Taps, 


Table  6-3.— American  Standard  Pipe  Tap 
Drill  Sizes 
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run  the  pipe  Up  into^the  tap  hole.  Notice  that 
the  first  few  threads~on  the  pipe  tap  are  ground 
away.  This  makes  starting  easier*  Plenty  of 
lard  oil  is  the  standard  lubricant  for  steel.  Tap 
copper  and  brass  with  no'lubricant.  The  depth 
to  which  it  is  desirable  to  Up  pipe  threads  is 
usually  determined  by  turning  the  threaded  pipe' 
into  the  Upped  hole  for  a  trial.  As  shown  in 
figure  6-30,  the  last  few  threads  on  the  pipe 
should  still  be  visible  when  the  pipe  is  drawn  up 
tight  in  the  Upped  hole.  Figure  6-30  shows  the 
values  of  dimension  A  (the  length  of  thread  on 
pipe  required  to  make  a  tight  joint)  for  various 
sizes  of  pipe  up  to  12". 

The  general  practice  in  Upping  holes  for 
pipe  threads  is  to  drill  the  proper  size  tap  hole 
and  then  start  the  pipe  Up  right  into  the  Up 
hole.  Some  men  recommend  using  a  pipe 
reamer,  especially  .when  large  deep  holes  are 
to  be  Upped.  A  pipe  reamer  has  the  same  3/4" 
per  foot  Uper  as  a  pipe  Up.  A  reamed  pipe  tap 
hole  would  have  the  same  shape  as  .  the  pipe 
u£,  and  therefore  would  make  upping  easier 
•  and  reduce  wear  on  the  Up. 

cutting  External 
pipe  threads 

Usually,  both  ends  of  *  a  pipe  are  threaded 
with  external  pipe  threads.  Notice,  in  all  the 
figures  showing  pipe  threads,  that  they  are 
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,  V-shaped.  The  standard  3/411  taper  per  foot  of 
pipe  threads  is  equal  to  1/16"  per  inch.  There- 
fore, the  Uper  ,  of  the  threads  on  each  side  of 
the  pipe  is  1/32"  taper  per  -inch.  This  uper 
cannot  be  changed.  This  produces  a  tight  joint. 
The  angle  between  sides  of  the  threads  is  60°, 
and  several  threads  on  the  end  of  the  pipe  are 
perfect  threads.  The  next  few  have  V-bottoms 
but  flat  tops,  and  the  last  few  threads  have  both 
flat  tops  and  bottoms.  Each  size  of  pipe  has  a 
certain  number  of  threads  per  inch,  built  "into 
the  pipe  Ups  and  dies. 

AdjusUble  pipe  dies  have  a  reference  mark 
on  each  die  which,  when  lined  up  with  the  corre- 
sponding reference  mark  on  the  die  stock,  will 
give  a  sUndard-size  thread.  You  adjust  the 
dies  one  way  or  the  other  from  the  reference  - 
mark  to  cut  a  thread,  with  the  fit  you  want. 

To  cut  external  threads  on  iron  pipe,  first 
determine  its  nominal  size.  Nominal  size 
means  the  "name  size"  of  the  pipe  such  as 
1/8",  3/4",  and  so  on.  Except  in  the  sizes  be- 
low 1",  nominal  sizes  correspond  closely  to 
inside  diameters.  For  1"  pipe  and  larger, 
measure  the  inside  diameter  (IJD.)  with  your 
rule,  to  the  closest  1/32",  and  you  will  have 
nominal  size.  For  sizes  below  1",  you  can  de- 
termine nominal  size,  by  measuring  the  outside 
diameter  (O  J).)  to  the  nearest  1/32"  and  read- 
ing the  corresponding  nominal  size  in  Table  6-4. 
This  method  can  also  be  employed  for  sizes  1" 
and  above  in  lieu  of  the  I.D.  measurement. 

To  begin  cutting,  put  the  die  stock  on  the 
pipe  so  that  the  pipe  passes  through  the  guide 
and  enters  the  Upered  face  of  the  pipe  die. 
Turn  the  die  stock  clockwise  for  right-hand 


Table  6- 4. -Approximate  OD. 
Standard  Wrought  Iron  Pipe 
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Figure  6-30.~Lengthof  thread  on  pipe 
required  to  make  a  tight  joint. 
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MAMft  AT  STAtT 

O^-CUT 


MAMft 
CUTTING 


Figure  6-31.— Threading  an  external 

pipe  thread  with  a  pipeodie.  11.3.4 
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Figure  6-32.— Using  a  tap  wrench 
to  turn  a  hand  reamer. 


threads,  applying  pressure  only  when  starting. 
It  is  not  necessary  to  turn  the  die  back  and 
forth  as  you  do  when  cutting  machine  threads.' 
Pipe-threading  dies  can  cut  continuously  be- 
cause thty  cut  onty  as  many  threads  on  the  pipe 
as  there  are  on  the  die  itself  and  because  there 
is  plenty  of  room  in  a  pipe  die  for  the  chips  to 
escape.  After  the  die  has  taken  hold,  it  will 
feed  itself*  When  cutting  threads  on  steel  pipe, 
apply  lard  oil  to  die  pipe  and  die  where  the  cut- 
ting is  actually  taking  place.  Continue  turning 
uptil  the  end  of  the  pipe  has  gone  through  the 
die  and  is  flush  with  the  near  face.  See  figure 
6-31. 

This  will  give  you  the  length  of  thread  called 
for  in  the  table  in  figure  6-30.  Notice  that,  in 
the  assembled  pipe  joint  in  figure  6-30  several 
threads  remain  on  both  pipe  and  fitting  to  per- 
mit further  tightening  should  a  leak  develop. 
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Figure  6-33.— Reaming  a  hole  with 
.   a  straight  hole  reamer. 


Table  6-5.— Standard  Taper 
Pin  Dimensions 
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REAMING  OPERATIONS 

Reaming  operations  are  jobs  that  smoothly 
enlarge  drilled  holes  to  an  exact  size  and  finish 
the  hole  at  the  same  time.  A  hole  that  has  been 
made  by  drilling  is  usually  slight^  oversize. 
This  is  quite^  satisfactory  for  holes  in  which 
bolts  or  rivets  are  placed.  When  greater  ac- 
curacy and  a  smooth,  finish  are  required,  the 
hole  is  first  drilled  undersize  and  then  finished 


154 


Chapter  .6- METAL  CUTTING  OPERATIONS 


TAPER  PtN 


FUNGC* 


Figure  6-34.-A  tapered  pin 
installed  in  a  shaft  and 
\  flange. 

Table  6-6.— Taper  Reamer 
■  Dimensions 
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by  reamiigr.  Ream, 
burrs  from  the  ins 

STRAIGHT  HOLES 


are  also  used  to  remove 
of  pipe. 


A  solid  straight-hole  reamer  is  used  for 
most  work,  since  it  is  the  most  accurate  and 
rugged  reamer.  The  straight-hole  haxidr earner 
is  turned  by  means  of  a  tap  wrench  that  is 
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Figure  6-35.-Using  a  pipe 
reamer  to  remove  burrs 
from  pipe. 


tightened  on  the  square  end  of  the  reamer  shank. 
(See  fig.  6-32.)  Secure  the  work  in  a  vise  so 
that  the  hole  to  be  reamed  is  perpendicular  to 
the  top  of  the  vise  jaws.  Position  the  reamer  at 
the  top  of  the  hole  (fig.  0-$3).  Straight-hole 
reamers  have  a  slight  taper  at  the  end  so  that 
they  will  fit  into  the  hole  easily.  Turn  the 
wrench  clockwise  very  slowly  until  the  reamer 
is  centered  in  the  hole. 

After  the  reamer  is  centered  in  ttfe  hole 
turn  the  wrench  clockwise  with  a  steady  firm 
pressure  until  the  reamer  has  boen  turned  all 
the  way  through  the  hole.  When  reaming  steel, 
use  cutting  oil  or  machine  oil  to  lubricate  the 
tool.  When  reaming  soft  iron,  do  not  lubricate 
the  tool.  To  remove  the  reamer  from  the  hole 
turn  the  wrench  clockwise  and  raise  the  reamer 
simultaneously.  \ 

NOTE;  Turning  the  wrench  too  fast  or  too 
slowly  will  cause  the  reamer  to  chatter,  pro-, 
ducing  an  unevenly  reamed  hole.  0 

TAPERED  HOLES  AND 
PIN  INSTALLATION 

«  To  install  a  tapered  pin,  refer  to  the  blue- 
print or  drawing  for,  the  proper  size  of  pin  to 
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ENO  TO  END  MEASURE 


1 


%TtP  © 


END  TO  CENTER  MEASURE 


FITTING  LENGTH  * 


f- 


SCREW  THE  CUTTING-WHEEiT 
_i3GHTLY  AGAINST  THE  TUBING 


CENTER  TO    CENTER  MEASURE 


-j-  FITTING  LENGTH 

FITTING  LENGTH 


"    .  11.335(44) 

Figure  6-36.— Proper  methods  for 
measuring  pipe  to  desired  lengths. 


CUTDNO  Wtifft 


29.205 


Figure  6-37.— Cutting  pipe 
with  a  pipe  cutter. 


stef  @ 


use.  The  size  will  be  given  as  a  number  and 
-length  in  inches  (tabid  6-5).  For  instance,  a 
No.  3  pin  1  3/4"  long  might  be  specified.  Then,* 

A 


ROTATE  THE  CUTTER  KEtPIHG  A  SUCHT 
PRESSURE  AGAINST  THE  CUTTING  WHEEL 
WITH  THE  SCREW  ADJUSTMENT.— 

44.164X 

Figure  6-38.— Steps  in  cutting 
tubing  with  a  tube  cutter* 


when  you  have  the  proper  ,  pin,  measure  the 
diameter  of  its  small  end  and  drill  a  hole  of 
that  size  through  for  example,  the  hub  of  a 
flange  and  a  shaft  while  the  flange  is  in  place 
on  the  shaft.  (See  fig.  6-34.)  Then  select  the 
same  number  of  tapered  pin  reamer,  a  No.  3  in 
this  case. 

Table  6-6  shows  specifications  of  various 
1  sizes  of  reamers.  The  specifications  given  op- 
posite the  reamer  numbers  in  the  left-hand 
column  of  table  6-6  are  the  dimensions  of  the 

l  reamers..  The  small  end  of  the  reamer  should 
just  enter  the  hole  you  drill  and,  if' the  proper 
size  of  reamer  has  been  selected,  the  pin  will 
fit  exactly.  Turn  the  tapered  pin  reamer  with  a 
tap  wrench  slowly  and  in  a  clockwise  direction 

]  only,  lifting  it  out  of  the  hole  to  clean  away  the 
chips  while  it  is  still  turning.  If  you  reverse 
the  direction  of  the  reamer,  chips  may  be 

j wedged  behind  its  cutting  edges,. causing  them' 
'  to  break.  Ream,  brass  dry  but  apply  cutting  oil 
liberally  when  reaming  steel.  Try  the  taper  pin 
in  the  .hole  several  times  as  the  reaming  pro- 
gresses. Stop  reaming  when  the  p!n  protrudes 
the  same  amount  on  both  sides  of  the  hub  of  the 
gear.: 
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77// 


BACK-UP 
ROLLER 


GROOVE 


REAMER 

Figure  6*39.— Cutting  tubing  close  , 
to  the  base  of  a  flare.  44.165 


BURR  REMOVAL 

-  After  a  piece  of  pipe  has  been  cut,  the  ends 
should  be  reamed  to  remove  the  burr  that  is 
left  on  the  inside  of  the  pipe.  This  burr,  if  not 
removed,  will  restrict  the  flow  of  fluid  in  the 
pipe.  Besides  the  pipe  reamer  you  will  need  a 
vise  to  hold  the  pipe  steady.  After  making  sure 
the  pipe  is  tfeld  firmly  in  the  vise,  insert  the 
reamer  in  the  end  of  the  pipe  and  turn  the 
handle.  (See  fig.  6*35.)  Route  the  handle  of 
the  reamer  clockwise  in  short  even  strokes  un- 
til the  burrs  inside  the  cut  piece  of  pipe  are 
completely  removed.  Remove  the  reamer  from 
the  pipe  by  rotating  it  clockwise  and  reducing 
applied  pressure. 

CUTTING  PIPING  AND  TUBING 

In  performing  certain  tasks,  you  may  be  re- 
quired to  cut  pipe  or  tubing.  The  main  differ- 
ence between  pipe  and  tubing  lies  in  their  wall 
thicknesses;  pipe  has  thicker  walls  than  tubing. 
Though  pipe  cutters  are  larger  than  tube  cut- 
ters, they  work  on  the  same  principle. 

i 

PIPE 

^.You  will  probably  cut  more  pipes  made  of 
iron  than  any  other  metal.  These  pipes  must  be 
cut  to  specific  lengths.  Before  cutting  a  pipe  to 
length,  make  sure  you  have  the  correct  meas- 
urement. Figure  6-36  shows  three  methods  of 
measuring  threaded  pipe  to  desired  lengths. 

.  The  end-to-end  method  includes  measuring 
the  threaded  portions  of  the  pipe  and  measuring 
the  pipe  from,  end  to  end.  The  end-to-center 
method  is  used  on  a  section  of  pipe  that  has  a 
fitting  screwed  on  one  end  only;  measure  from 
the  free  end  of  the  pipe  to  the  center  of  the 


/ 


/ 

*  44.166X  / 
Figure  6-40.— Reaming  the  burrs    •  / 
from  a  piece  of  tubing.  / 


fitting  at  the  other  end  of  the  pipe.  The  center- 
to-center  method  Is  used  when  both  ends  of  the 
pipe  have  fittings;  measure  from  the  center  of 
one  fitting  to  the  center  of  the  other  fitting  at 
the  opposite  end  of  the  pipe. 

The  approximate  length  of  thread  on  1/2- 
and  3/4- Inch  wrought  Iron  or  steel  pipe  Is  3/4 
Inch.  On  1-,  1  1/4-,  and  1  1/2-inch  pipe,  It  Is 
approximately  1  inch  long.  On  2-  and  2  1/2- 
inch  pipe,  the  length  of  thread  Is  1  1/8  and 
1  1/2  inches  respectively. 

To  determine  the  length  of  pipe  required, 
take  the  measurement  of  installation  such  as 
center  to  center  of  the  pipe  requiring  two  fit- 
tings. Measure  the  size  of  the  fittings  as 
shown  in  figure  6-36.  Subtract  the  total  size, 
of  the  two  fittings  from  the  Installation  meas- 
urement. Multiply  the  approximate  thread 
length  by  2  and  add  the  result  to  the  length  ob- 
tained. This  will  give  the  length  of  pipe 
required. 

After  the  length  of  the  pipe  has  been  deter- 
mined, measure  the  pipe  and  mark  the  spot 
where  the  cut  is  to  be  made  with  a  scrlber  or 
crayon.  Lock  the  pipe  securely  dn  a  pipe  vise. 

Inspect  the  cutter  to  make  sure  that  there 
are  no  nicks  or  burrs  In  the  cutting  wheel.  Open 
the  jaws  of  the  cutter  by  turning  the  handle 
counterclockwise.  Position  the  cutter  around 
the  pipe  at  the  marked  point.  Make  sure  the 
cutting  wheel  Is  exactly  on  the  mark  and  close 
the  jaws  of  the  cutter  lightly  against  the  pipe 
by  turning  the  cutter  handle  clockwise.  After 
making  contact,  turn  the  cutter  handle  clockV 
wise  one-fourth  of  a  turn  more.  This  will  put  a 
bite  on  the  pipe. 

Grasp  the  cutter  handle  and  rotate  the  cutter 
as  a  whole  one  complete  revolution,  swinging  It 
around  the  pipe  in  the  direction  Indicated  in 
figure  6-37.  Turn  the  cutter  handle  clockwise 
one-fourth  of  a  turn  more  to  take  another  bite 
on  the  pipe  and  rotate  the  cutter  another  com- 
plete revolution.  Keep  the  cutter  perpendicular 
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to  the  pipe  at  all  times  or  the  wheel  will  not 
track  properly.  Repeat  this  operation  until  the 
pipe  is  cut.  Remove  the  snail  shoulder  on  the 
outside  of  the  pipe  with  a  file  and  remove  the 
burr  on  the  inside  with  a  reamer. 


TUBING 

Copper  tubing  is  one  kind  oi  metallic  tubing 
that  you  can. cut  readily  with  a  tube  cutter.  To 
cut  tubing,  place  the  tube  cutter  with  the  cutting 
wheel  on  the  mark  where' the  cut  is  to  be  made. 
Move  the  cutting  wheel  into  light  contact  with 
the  tubing.  See  step  1  in  figure  6*38.  Then 
swing  the  handle  around  the  tubing  as  you  feed 
the  cutting  wheel  a  little  for  each  revolution  by 
turning  the  screw  adjustment.  Different  wall 
thicknesses,  kinds,  and  diameters  of  metallic 


tubing  require  different  feeds.  Step  2,  figure 
6*38,  indicates  the  direction  of  rotation.  The 
feed  pressure  is  correct  when  it  keeps  ^the 
wheel  cutting  but  does  not  flatten  the  tubing. 

The  design  of  some-tubing  cutters  will  per- 
mit cutting  off  a  flared  end  close  to  the  base  of 
the  flare.  In  figure  6-39,  notice  the  groove  \ 
in  the  backup  roller.  Place  the  flare  in  this 
groove  so  that  the  cutting  wheel  rides  at  th$ 
base  of  the  flare.  Then  cut  off  the  flare  as  you 
would  cut  tubing. 

1  Burrs  that  form  may  be  similar  to  those- 
formed  in  pipe  cutting.  Remove  the  inside  burr 
with  the  reamer  attached  to  the  tubing  fatter 
opposite  the  handle  (fig.  6-40).  In  some  casfes 
a  three-cornered  scraper,  pocketknife  blade, 
or  round  file  may  work  better  than  the  reamex>. 
After  reaming  clean  out  the  chips.  Then  re-1 
move  any  outside  burr  with  a  file.  •  *~ 


DON'T  LIFT  MOTORS  WITH  YOUR  SACK 


LIFT  MOTORS  WITH  YOUR  LEGS 
KEEP  YOUR  BACK  STRAIGHT 


\ 
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CHAPTER  7 


\ 


MISCELLANEOUS  TASKS 


Navy  personnel  are  required  to  have,  or 
develop,  the  skill  or  -ability  to  perform  various 
tasks  that  differ  from  those  previouslj^dis- 
cussed  in  this  manuil.  This  chapter  describes 
the  topis,  procedures,  and  techniques  that  per- 
sonnel must  use  to  become  proficient  .when  per-/ 
forming"  miscellaneous  tasks  such  as  bending" 
and  flaring,  tubes)  removing  broken  bolts  and 
studs,  stripping  wire,  and  soldering* 


BENDING  AND  FLARING 
METALLIC  TUBING 


The  objective  in  tube  bending  is  to  obtain  a 
smooth  bend  without  flattening  the  tube.  Tube 
bending  is  usually  accomplished  with  one  of  the 
tube  benders  .discussed. in  this  chapter.  In  an 
emergency,  'however,  aluminum  tubing  under0 
one-fourth  of  an  inch  in  diameter  may  be  bent 
by  hand* 


SPRING  BENDERS 

External  spring-type  benders,  shown  in  fig- 
ure 7-1A,  come  in  si2es  to. bend  1/4",  5/16", 
3/8V?/l£_V  1/2",  and  VB"  outsize-diameter 
soft  copper,  aluminum,  and  other,  soft  metallic 
tubing/  To  bend  tubing  with  this  type  of  bender, 
first  select  the  size  that  will  just  slip,  over  the 
size  of  tubing  you  want  to  bend.  Then  slip  it 
over  tke  tubing  so  that  it  centers,  at  the  middle 
of  the /proposed  bend.  Grasp  the  bender  with 
both  hands  and  make  the  bend.  (See  fig.  7- IB.) 
The  restraining  action  of  the"  Bender  will  pre- 
vent the  tubing  from  collapsing  at  the  bend  and 
.will  produce  a  smooth  curve.  To  remove  the 
bender,  grasp  the  belled  end  and  pull  it  off  the 
tubing.      — w  - 

Internal  spring-type  benders,  shown^in  fig- 
ure 7-  1C,  come  in  sis&sto  bend  3/8";%^*_and,~ 
5/8 "  outside  diameter  tubihgv  This  type  can 
be  usfd.  when  both  ends  of  a  length  of  tubing  are 
flared  and  the  external  type  cannot  be  applied. 
To  bend  tubing  with  an  internal  spring-type 
bender,  select  the  proper  size  bender  and  slip 
it  inside  of  the>  tubing.  Insert  it  so.,  that  the 


center  or*  its  length  is  at  the  center  of  the 
proposed  bend.  Grasp  the  tubing  with  both, 
hands  and  make  the  bend.  If  the  bender  sticks 
out  of  the  end  of  the  tubing,  remove  it  by  pull<- 
ing  it  out.  If  not,  remove  it  with  a  fish  wire  or 
other  simple  means. 


HAND  TUBE  ' 
BENDER 

The  hand  tube  bender  shown  in  figure  7-2 
consists  of  four  parts— handle,  radius  block 
(mandrel),  clip, and  slide  bar.  The  radius  block* 
is  marked  in  degrees  of  bend  ranging  from  0  to 
180.  The  slide  bar  nas  a  mark  which  is  lined  up 
with  the  tero  mark  on  the  radius  block.  The 
tube  is' Inserted  in  the  tool,  and  after  lining  up 
the  marks,  the  slide  bar  is  moved  around  until 
the  mark  on  the  slide  bar  reaches  the  desired 
degrees  of  bend  on  the  radius  block.  Follow  the 
procedure  indicated  in  figure  7-2. 

This  type  of  bender  is  furnished  in  3/16", 
1/4",  5/16";  3/8",  and  l/2"  sizes.  For  larger 
sizes  of  tubing  similar  mandrel-type  benders 
are  used.  The  only  difference  is  that  these 
larger  benders  are, geared  for  greater  mechani- 
cal advantage.  - 
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Figure  7-1.— TBending  tubing  withering 
type  tube  benders.     A  * 
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i  Figure  7-2.— Tube  bending. 
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FLARING. 

Tube  f  lari|tf  i 
of  .a  tube  into;  a  funnel  shape  so  that  it  can  be 
held  by  a  threaded  fitting.  A  partially  threaded 
flare  nut  is  slipped  over  the  tube,  the  end  of  the 
ttibe  is  flared,  the  Hare  is  seated  with  the. inside 
of  the  flare  against  the  end  of  a  fitting  which 
has  threads  on  the  outside,  and  then  the  flare 
nut  is  screwed  onto  the  fitting,  pushing  the  out* 
Side  of  the  flare  against  the  seating  surface  of 
the  fitting.  \ 


The  tube-Oaring  tool  shown  in  figure  7-3  is 
one  type  Which  is  commonly  used  to  flare  cop* 
per  tubing*-  To  flare  the.  end  of  tubing,  first 
check  to  see  that  it  has  been  cut  off  squarely 
and  has  the  burrs  removed  from  both  inside  and 
outside.  Remember  to  slip  the  flare  nut  on  $he 
tube  befor^you  make  the  flare.  Then,  as  shown 
in  figure 7-3A,  ogen  the  flaring  tool  at  the  die 
which  corresponds  to  thg  size  of  the  tubing  be- 
ing flared.  Insert  the  end  of  the  tubing  to  pro- 
trude slightly  above  the  top  face  of  the  die 
blocks.  The  amount  by  which  the  tubing  extends 
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Figure  7-3.— Flaring  metallic  tubing. 


Figure  7-5.— Removing  a 
broken  bolt  with  a 
prick  punch* 


■  44.188 


1- 


1.21C 


i 


Figure  7-4.— Removing  a 
broken  stud  with  vise- 
grip  pliers. 


above  the  blocks  determines  the  finished  diam- 
eter of  the  flare.  The  flare  must  be  large 
enough  so  that  it  will  seat  prbperly  against  the 
fitting,  but  small  Enough  so  that  the  threads  of 
the  flare  nut  will  slide  over  it/  You  determine 
the  correct  size  by  trial-and-error. .  Then  as 
.shown  in  figure  7-3B,clos^  the  die  block  and 
'  secure  the  tool  with  the  wing  nut.  Use  the 
handle  of  the  yoke  to  tighten  the  wing  nut.  Then 
place  the  yoke  over  the  end  of  the  tubing  (fig. 
7-3C),  and  tighten  the  handle  to  force  the  cone 
into,  the  end  of  the  tubing.. The  completed  flare  . 
should  be  slightly  visible  above  the  face  of  the 
die  blocks.  .    I  ■  -  #  * 


44.20BB.2 

Figure  l-fc.— Screw  and  bolt  extractors 
for  removing  broken  studs. 


REMOVING  BROKEN  BOLTS 
AND  STUDS  * 

L  :  When  the  removal  of  a  broken  bolt  or  stud  is 
required,  flood  the  part  being  worked  on  with 
plenty  of  penetrating  oil  or  oil  of  wintergreeri. 
Time  permitting,  soak  the  area  for  several 
houfrs  or  overnight.  A  week  J  s  soaking  may 
loosen  a  bolt  Which  would  otherwise  have  to  be 
drilled  out. 

If  enough  of  the  broke*  piece  protrudes  take 
hold  of  it  with  vise-grip  -pliers,  as  shown  in 
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Table  7-1.— Chart  for  Screw  and  Bolt  Extractors  .  44.220 


Extractor. 

_  Used  For— 

Use  Drill  Size 
Dia.,  Inches 

Size  No. 

Overall  Length, 
Inches 

6 Nominal  Screw 
And  Bolt  Size, 
Inches  \ 

Nomina.  1  Pine 
Size,  Inches 

1 
2 
3 
4 
5 

■    .  6 
7 
8 
9 
10 
11 
12 

2 . 

2  3/8 

2  11/18  « 
3 

3  3/8 

3  3/4 
-   4  1/8 
k  4  3/8 

4  5/8 
53 

5  5/8 

6  1/4 

3/16-  1/4 
1/4  -  5/16 
5/16  7/16 
7/16-  9/16 
9/16-  3/4 
3/4  -1 
1        -U  3/8 
1  3/8  -1  3/4 

1  3/4  -  2  1/8- 

2  1/8  -  2  1/2 
2  1/2  -3 

•  3        -5  3  1/2 

1/4 
3/8 
1/2 

'  >3/4 
l\ 

1  1/4 
1  1/2 
2 

5/64, 
-  7/64 
5/32 
1/4 
17/64 
"  >  13/32 
17/32 
,  13/16 
1  1/lC 
1  5/16 
1  9/16 
1  15/16 

figure  7-4,  and  carefully  try  to  ease  it  out.  If 
the  bolt  cannot  be  turned,  further  soaking  with 
penetrating  oil  may  help.  Or'  try  removing  the 
pliers  and  jarring  the  bolt  with  light  hammer 
blows  on  the  top  and  around  the  sides.  This 
may  loosen  the  threads  so  that ;  the-bolt  can  then 
be  removed  with  the  vise-griplpliers. 

If  a  bolt  has  been  broken  off  flush  with  the 
surface  as  shown  in  figure  7-5,  it  is  sometimes 
possible  to  back*  it  out  with  light  blows  of  a 
prick' punch  or  center  punch.  However,  if  the 
bolt  was  broken  due  to  rusting,  this^ethod  will 
not  remove  it.  If  it  cannot  be  removed  by  care- 
ful punching  first  on  one  side  and  then  the  other, 
a  screw  and  bolt  extractor  may  remove  it.  (See 
fig.  7-6BJ 

When  using  this  extractor;  file  the^  broken  v 
portion  $i rthe  tolt  to  provide  a  smooth  surface 
at  the  center,  for  a  punch  mark,  if  possible. 
Then  lawfully  center-  punch  the  exact  center  of 
the  bolt.  (See  fig.  7-6A.) 

.Refer  to  table  7^1  to  select  the  proper  drill  . 
size --to  use  according  to  the  size  of  the  broken 
bolt  that  you  are  trying  to -remove.  K  possible, 
drill  through  the  entire  length  of  the  broken 
bolt.  Then  carefully  work  some  penetrating  oil 
through  this  hole  so  that  it. fills  the  cavity  be- 
neath" the  bolt  aad  has  a  chance  to  work  its  way 
upwardp  from  the  bottom  of  the  bolt.  The  more 


time  you  let  the  penetrating  oil  work  from 
both  ends  of  the  broken  bolt,  the  better  are 
your  chances  of  removing  it.  -  j 

Wheft  drilling  a  hole,  in  a  stud  which  h^s 
broken  off  below  the  surface  of  the  piece  which 
it  was  holding,  as  shown  in  figure  7-7A,  a  drill 
guide  will  center  the  drill  .and  may  be  preferred 
.  rather  than  a  center  punch"  mark. 

When: the  hole  has 'been  drUled,  and  addi- 
tional penetrating  oil  has  had  time  to  soak,  put 
the  spiral  end  of  the  screw  and  bolt  extractor 
into  the  holeA  Set  it  firmly  .with  a  few  light 
hammer  blows  and  secure  the  tap  wrench  as 
shown  in  figure  7-7B.  Carefully  try  to  back  the 
broken  bolt  out  of  the  hole.  Turn  the  extractor 
counterclockwise. .  (This  type  of  extractor  in 
*  Resigned  for  right  hand  threads  only.) 

A  screw  and  bolt  extractor  can  sometimes 
be  used  to«remove  an  Allen  head  capscrew  when 
the  socket  has  been  stripped  by  the  Allen 
wrench.  (See  fig.  7-8.)  When  attempting  this 
removal,  carefully  grind  off  the  end  of  the  ex- 
tractor so  that  it  will  not  bottom  before  the 
spiral  has  had  a  chance  to<  take  hold*  Figure 
7-8B  shows  this  end  clearance.  In  doing  this 
grinding  operation,  great  cai;e  must  be  taken  to 
keep  the  temperature  of  the  extractor  low 
^enough  that  the  tip  can  be  handled  with  the 
bare  hands.  If  the  hardness  is  drawn  from -the 
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Figure  7-7.— Removing  a  stud  broken 
off  below  the  surface. 


44.20DD 

Figure  7-8.— Removing  an  Allen  head 
capscrew  with  a  bolt  extractor* 


Up  of  the  extractor  by  overheating  during  the 
grinding,  the  extractor  will  not  take  hold. 

REMOVING  A  BROKEN  BOLT 
AND  REMAPPING  HOLE 

To  remove? a  broken  bolt  and  retap  the  hole, 
file  the  bolt  smooth,  if  necessary,  and  center- 
punch  it  for  drilling.       x  \ 

Then  select  a  twist  drill  .which  is  a  little  less 
than  the  tap-drill  size  for  the  particular  bolt 
that  has  been  broken.  As  shown  in  figure  7-9, 
this  drill  will  just  abput  but  not  quite  touch  the 
crests  of  the  threads  in  the  threaded  hole  or  the 
roots  of  the  threads  on  the  threaded  bolt.  Care- 
fully start  drilling  at  the  center  punch  mark, 


40.20EE 

Figure  7-9.-Removing  a^broken  bolt  and 
retapping  hole  to  same  size. 


A  B 

44.189 

Figure  7-10.— Removing  broken  bolt 
and  retapping  hole  to  larger  size. 


crowding  the  drill  one  way  or  the  other  as  nec- 
essary so  that  the  holer  will  be  drilled  in  the  ex- 
act center  of  the  bolt.  The*  drill  in  figure  7-9 
has  almost  drilled  the  remaining  part  _of  the- 
bolt  away  and  will  eventuallyjjrealrthrough^the 
bottom  of  theJ^lt^Vh€lT7his  happens,  all  that 
will  remain  of  the- bolt  will  be  a  threaded  shell. 
With  a  prick  punch  or  other  suitable  tool,  chip 
out  and  remove  the  first  2  or  3  threads,  if  pos- 
sible, at  the  top  of  the  shell.  Then  carefully 
start  a  tapered,  tap  into  these  several  clean 
threads  and  continue  tapping  until  the  shell  has 
been  cut  awayand  the  original  threads  restored. - 
In  cases  where  the  identical  size  of  capscrew 
or  bolt  is  not  necessary  as  a  \ replacement, 
center-punch  and  drill  out  the  old'bolt  with  a 
drill  larger  than  the  broKen  bolt,  as  shown  in 
figure  7-10A.   Tap  the  hole  first,  and  then 
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Figure  7-11.— Removing  a  broken 
tap  with  yUe-grip  pliers. 
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Figure  7-*3.— Usinga  plug  weld 
to  remove  a  broken  tap. 
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Figure  7-12.— Removing  a  broken 
tap  with  a  tap  extractor. 


finish  it  with  ajbottoming  tap  *\  Liown  in  figure 
7-  10B.  Replace  with  a  larger  size  capscrew  or 
stud. 


REMOVING  A  BROKEN  TAP 
FROM  A  HOLE 


\ 


\ 

;eric 


To  remove  a  broken  tap  from  a  hole,  gener- 
ously apply  penetrating  oil  to  the  Up.wojrking  it 
dolta  through  the  four  flutes  into  the  aole.  Then, 
if  possible,  grasp  the  tap  across  the  flats  with 
vise-grip  pliers.  This  operation  is  shown  in 
figure  7-11.  CArefully  ease  the  tap  out  of 'the 
hole,  adding  penetrating  oil  as  necessary. 

If  the  tap  has  broken  off  at  the  surface  ^of  the 
work,  or  slightly  below  the  surface  of  the  work, 
*  the  tap  extractor  shown  in  figure  7-12  may  re- 
\  move  it.  Again,  apply  a  liberal  amount  of  pene- 
trating oil  to  the  broken  Up.  Place  the  Up  ex- 
tractor over  the  broken  Up  and  lower  the  upper 
collar  to  insert  the  four  sliding  prongs  down 
into  the  four  flutes  of  °the  Up.  Then  slide  the 
bottom  collar  down  to  the  surface  of  the  work 
so  that  it  will  bold  the  prongs  tightly  against  the 
body  ot  die  extx^tctor.  tighten  the  tap     -  \eh 
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Figure  7-14.-Stripping  insulated  wire 
with  a  pocket  knife. 


on  the  Muare  shank  of  the  extractor\and  care- 
fully work  the  extractor  back  and  forth  to  loosen 
the  Up.\lt  may  be  necessary  to  remove  the  ex- 
tractor and  strike  a  few  sharp  blows  with  a 
small  hammer  and  pin  punch  to  jar  the  'Up 
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Figure  7- 15 .—Stripping  insulated  wire  with 
side  cutting  pliers.  1.21.8A 


loose*  Then  reinsert  the  tap  remover  and  care* 
fully  try  to  back  the  tap  out  of  the  hole. 

Each  size  of  tap  will  require  its  own  size  of 
tap  extractor.  Tap  extractors  come  in  the  fol- 
lowing sizes:  1/4",  5/16Mr  3/8",  7/16",  1/2", 
9/16",  5/8",  3/4",  7/8",  and  1". 
\  When  a  tap  extractor  will  not  remove  a 
tiroUen  tap,  it  is  often  possible  to  do  so  by  the 
following  method:  Place  a  hex  nut  oyer  the  tap 
(Kig.  7- 13),°  and  w^ld  the  nut  to  the  tap.  Be  sure 
to  choose  a  nut  with  a  hole  somewhat  smaller 
than  the  tap  diameter  to  reduce  the  possibility 
of  welciing  the  nut  and  the  tap  to  the  job  itself. 
Allow  the  weld  to  cool  before  trying  to  remove 
the  tap,  When  the  nut,  tap,  and  job  have  come 
to  room  temperature,  it  is  often  helpful  to  heat 
quickly  the  immediate  area  around  the  hole 
with4  an  oxyacetylene  torch.  This  "quick  heating 
expands  the  adjacent  metal  of  the  work  after 
which  the  removal  of  the  tap  may  be  less  diffi- 
cult. lf,the  heating  is  too  slow,  the  tap  will  ex- 
pand with'  the  adjacent  metal  of  the  work  and 
there  will  be  no  loosening  effect. 


-  1.21.8B 

Figure  7-16.-Stripping  insulated  wire 
with  side -cutting  pliers  (alternate 
procedure). 


\ 


STRIPPING  INSULATED  WIRE 


Insulation  may  be  stripped  from  wire  by  us- 
ing one  of  several  tpols.  However,  a  pocket- 
knife  or  side  cutting  pliers  are  generally  used 
for  this  work.  .  * 
\  When  using  a\pocketknife  for  stripping  insu- 
lation, hold  the  wire  in  one  hand  and  the  knife  in 
the  other.  Use  your  thumb  to  roll  the  wire  over 
the  blaae*  of; the  knife  to  cut  the  insulation  al- 
most to  the  Wire  itself.  (See  figure  7-14A.) 
Then  pull  off  or  "strip'Vthe  short  piece  of  in- 
sulation from  the  end  of  the  wire.  Because  any 
nick  in  the  wire  ?vill  eventually  cause  a  break-, 
it  is  important  not  to  cut  clear1  through  the  in- 
sulation. By  not  cutting  completely  through  the 
insulation,  the  blade  of  the' knife  never  comes 
into  contact  with  the  wire  itself, thus  preventing 
any  possible  injury  to  the  surface  of  the  wire. 
However,  cutting  nearly  through  the  insulation 
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weakens  it  sufficiently  so  that  the  insulation 
can  be  stripped  from  the  wire. 

Another  way-to  perform  this  operation  is, 
while  holding  the-  wire  in  one  hand  and  the 
pocketknife  in  the  other,  hold  the  wire  against 
the  knife  blade  and  cut  the  insulation  off  with 
several  strokes  of  the  blade,  working  t around 
the  wire  with  each  successive  stroke.  (See  fig* 
7-14B.)  Notice  that  the  blade  is  held  almost 
flat  against  the  insulation.  This  low  angle  pre- 
vents the  blade  from  cutting  into  the  wire 
itself. 

Insulated  wire  can  be  stripped  with  the  side 
cutting  pliers,  as  shown  in  figure  7-15,  by 
nicking  the  insulation  all  around,  bfeing  careful 
not  to  brlpak  through  to  the  wire  itself,  and 
stripping  the  short  length  of  insulation  off  the 
end  of  the  wire.  Notice  that,  in'  figure  7-15A, 
the  man's,  index  finger  is  wedged  between  the 
handles  of  the  pliers  close  to  the  joint.  This 
affords  better  control  over  the  cutting  edges  so 
that  ttoire  is  less  chance  that  the  insulation  will 
be  broken  completely  through.  When  the  nick 
has  been  made  all  around  the  wire,  press  your 
thumb  against  the  side  of  the  pliers  to  break  the 
insulation  at  the  nick  and,  without  changing-the 
grip  of  the  pliers,  strip  it  off  .the  end.  (See  fig. 
7-15B.)  Care  must  be  exercised  to  avoid  cut- 
ting too  far  through  the  insulation  and  nicking 
theywire. 

Insulated  solid  wire  can  also  be  stripped  as 
shown  in  figure  7-16.  Starting,  at  the  end  of  the 
wiz;e,  grip  and  crush  th4  insulation  between  the 
flat  places  on  the  inside  of  the  handles  close  to 
the  hinged  joint.  In  figure  7-16A,  the  insulation 
has  been  crushed  and  the  wire  exposed.  Then, 
a$  shown  in  figure  7- 16B,  grasp  the  insulation 
close  to  the  end  of  the  crushed  .portion  and  tea* 
it.  off.  ^Although  this  method  leaves  a  rather 
ragged' appearing  end  on  the  remaining  insula- 
tion, there  is.no  possibility  of  damaging  the 
wire.  ^N 

SOLDERING 

(  \ 

Soldering  is  a  metal- joining  process  in  which  1 
a  lower  melting-point  metal  (called  solder)  is 
heated  to  the  point  where  it  melts  and  wets  the 
joint  surface  iuid  then  is  allowed  to  solidify  in 
place.  To  enaole  the  solder  to  v^et  ttie  surfaces 
readily  and  be; drawn  into  fine  cracks  ,\the  sur- 
faces and  the  solder  must  be  clean  and1  free  of  . 
oxide  film.  When  necessary,  the  cleaning  is 
done  with  chemicals  oA  abrasives.  One  clean- 
ing substance  frequently  used  is  called  flux. 


Copper,  tin,  lead,  and  brass  are  examples  of 
readily  solderable  -metals.  Galvanized  iron, 
stainless  steel,  and  aluminum  are  difficult  to 
solder  and  require  the  use  of  special  tech- 
niques which  /are  beyond  the  scope  of  this 
manual.  _ 

Soldering  is  a  practical  method  of  forming 
reliable  electrical  connections  where  bare 
wires  are  twisted  together  qj  are  wound  on 
terminals.  Soldering  is  also  used  to  make  tight 
joints,  such  as  lap  seams  of  sheet  metal,  and  to 
hold  parts  together  physically.  Soldered  joints, 
however,  do  not.  support  loads  for  long  periods 
oflime  as  well  as  welded  'joints  do.  Where 
load  support  is  a  governing  factor,  the  usual, 
practice  calls  for  riveting,  bolting,  pr  using 
another  means  of  fastening  followed  by  sealing 
of  the  joints  with  solder. 

In  soldering  the  readily  solderable  metals, 
you  only  need  the  solder,  a  flux,  and  a  heat 
'source.  The  following  paragraphs  will  be  lim- 
*  ited  to  descriptions  of  the  soldering  equipment 
and  procedures  required  for  making  reliable 
electrical  connections. 

SOLDERS 

By  definition,  solders  are  joining  materials 
or  alloys  that  melt  below  800°  F.  They  are 
available  in  various  forms-wire,  bar,  ingot, 
paste  and  powder.  Solders  used  for  electrical 
connections  are  alloys  of  tin  and  lead  whose 
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Figure  7- 17 .-Electric  soldering  gun. 
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Figure  7- 18  .r  Soldering  irons. 
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mating  points  range  between  360°  Fand  465  °oF 
(both  endpoints  are  approximate). 

A  tin-iead  solder  alloy  is  usually  identified 
by  two  numbers  indicating  the  percentages  of 
tin  and  lead  in  the  alloy.  'The  first  number  is 
the  percentage  of  tin.  For  example,  a  30/70 
alloy  is  made  of  30%  tin  and  70%  lead.  Like- 
wise, a  15/85  alloy  is  made  of  15%  tin  and  85%  • 
lead*  In  general,  the  higher  the  percentage  of 
tin  in  a  solder  alloy/  the  lower  the  melting 
point. 

FLUXES  ^ 

Soldering  fluxes  are  agents  which  clean 
solderable  metals_by  removing  the  oxide  film 
normally  present  on  the  metals  and  also  pre- 
vent further  oxidation.  Fluxes  are  classified 
as  noncorrosive,  mildly  corrosive,  or  corro- 
sive,, ranging  from  mild  substances  such  "  as 


rosin  to  chemically  active  salts  such  as  zinc* 
chloride*  Rosin  is  an  effective  and  nearly 
harmless  flux  used  for  electrical  connections 
that  must  be  reliable,  tight,  and  cortosion 
free.  Rosin  flux  is  available  in  paste,  or  powder 
form  for  direct  application  to  joints  before 
soldering,  or  incorporated  as  the  core  of  wW 
solders.  Unless  washed  off  thoroughly  after 
soldering,  salt  type  fluxes  leave  residues  that 
tend  to  corrode  metals*  Because  of  their  cor- 
rosive effects,  so-called  acid  core  solders 
(which  incorporate  salt-type  fluxes)  must  NOT 
"bemused  in  soldering  electrical  connections. 

SOLDERING  TOOLS  b. 

The  source  of  heat*  for  melting  solder  is  a 
soldering  gun  (electric)  or  a  soldering  >iron 
(electric  or  nonelectric),  sometimes  called  a 
copper.    '  s 
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TOOLS  AND  THEIR  tISES 


SOLDERING  GUN 

.  The  soldering  gun.  (fig.  7-17)  operates  from 
any  standard  115- volt  outlet  and  is  rated  in  size 
by  the  number  of  watts  it  consumes.  The  guns 
used  In  the  Navy  are  rated  between  100  and  250 
watts.  All  good  quality  soldering  guns  operate 
lr  a' temperature  range  of  500°  to  600*  F.  The 
important  difference  in  gun  sizes. is  not  the 
temperature,  but  the  capacity  of  the  gun  to  gen- 
erate and  maintain. a  satisfactory  soldering 
temperature  while  giving  up  heat  to  the  joint 
soldered*  The  tip  heats  only  when  the  trigger 
is  depressed,  and  then  very  rapidly.  These 
guns  afford  easy  access  to  /camped  quarters, 
because  of  their  small  tip.  Most  soldering  guns 
have  a  small' light  that  Is  focused  on  the  tip 
working  area.  *  t 

The  tip  of  a  soldering  gun,  should  be  removed 
occmsidnally  to  permit  cleaning  away  the  oxide 
scale  which  forms  between  the  tip  and  metal 
housing.  Removal  of  this  oxide  increases  the 
heating  efficiency  of  the  gun.  If  for  any  reason 
the  tip  does  become  damaged,  replaceable  tips  ' 
are  available.  " 

NEVER  USE  a  soldering  gun  when  working 
on  solid  state  equipment*  Serious  damage  to 
diodes,  transistors,  and  other  solid  state  com- 
ponents can  result  from  the  strong  electromag- 
inetic  field  surrounding  the  tip  of  the  soldering 
S^n,      ,  . 

SOLDERING  IRONS  s 

There  are  two  general  types  of  soldering 
irons  in  use  by  the  Navy.  One  is  electrically 
heated  and  the  other  nonelectrlcally  heated. 
The  essential  parts  of  both  types  are  the  tip  and 
the.hjtndle.  The  tip  Is  made  of  copper. 


A  nonelectric  soldering  Iron  (fig.  7-18)  Is 
.  sized  according  to  its  weight.  The  commonly 
used  sizes  are  the  1/4-,  1/2- ,  3/4r,  1-,  1  1/2-, 
2-,  and  2  1/2-pound  irons.  The  3-,  4-,  and  5- 
pound  sizes  are  not  used  In  ordinary  work. 
Nonelectric  Ironshave  permanent  tips  and  must 
be  heated  over  an  ordinary  flame,  or  with  a 
blowtorch; 

The  electric  soldering  iron  (fig.  7-18)  trans- 
mits heat  to  the  copper -tip  after  the  heat  Is 
produced  by  electric  current  which  flows  through 
a  self-contained  coil  of  resistance  wire,  called 
the  heating  element.  Electric  soldering  irons 
are  rated  according  to  the  number  of  watts  they 
consume  when' operated  at  the  voltage  stamped 
,  on  the  iron.  There  are.  two  types  of  tips'  on 
electr,lc  Irons:  ptyg  tips  .which  slip  Into  the 
heater  head  and,  which  are  held  In  place  by  £ 

J  setscrew,  and  screw  tips  which  are  threaded, 
and' which  screw  into  o*  on  the  heaterJiead. 
Some  tips  are  offset  and  have  a9p~degrewigle 

,    for  soldering  joints  that  are  difficult  t->  reach. 

'  ~  Electric  Iron  tips  must  be  securely  fastened 
In  the  heater  unit.  The  tips  must  be  clean  and 
free  of  copper  oxide.  Sometimes  the  shaft  oxi- 
dizes and  causes  the  tip  to  stick  in  place.  Re- 
move the  tip  occasionally  and  scrape  off  the 
scale.  If  the  shaft  is. clean,  the  tip  will  not  only 
receive  more  heat  from  the  heater- element,  but 
It  will  facilitate  removal  when  the  time  comes 

'  to  replace  the  tip. 

TINNING  A  SOLDERING  IRON 

If  a  soldering  iron  Is  new  or  has  just  been 
forced,  it  will  need  to  be  tinned  (coated  with 
solder).  To  do&o  hold  It  In  the  vise  and  "dress" 
/the  point  with  aWell- chalked,  file.  By  "dress- 
~  Ing"  Is  meant  filing  to  remove  hammer  marks 
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Figure  7-  19.-Soldering  an  electrical  'v 

'connection.  \ 
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Figure  7-20.— Examples  of  properly 
*    made  soldered  joints. 
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resulting  from  the  forging  process  and  to  round 
off  the  sharp  corners  slightly •  This  is  not  al- 
ways required  when  a  tinned  iron  is  to  be  re* 
tinned.^  Inspection  will  reveal  if  it  is  necessary. 
Then  heat  the  copper  tip  hot  enough  so  that  it 
will  readily  melt  solder.  Try  melting  solder 
with  the  copper  frequently  as  it  is  being  heated,  < 
and  as  soon  as  it  will  melt  solder,  it  is  ready 
for  tinning. 

To  tin  the  copper,  first  quickly  dip  it  into 
rosin  or  apply  rosin  core  solder  to  the  tip  of. 
the  iron.  .The  coating  of  solder  is  bright  and 
shiny  and  very  thin.  It  aids  in  the  rapid  trans- 
fer of  heat  from  the  iron  to  the  work. 


SOLDERING  PROCEDURE 


\ 


Many  equipment  failures  can  be  attributed  to 
poorly  soldered  joints.  Since  such  equipments 
aboard  ship  are  subjected  to  continual  vibration 
and  frequent  shock,  it  is  imperative  that  all 
soldering  fie  done  with  the/ utmost  care.  The; 
following  suggestions  are  presented-tiran  effort 
to  assist  in  effecting  a  good  job  of  soldering. 

The  parts  to  be  soldered  must  be  absolutely 
clean  (free  from  oxide,  corrosion  and  grease). 
During  the  cleaning  process,  when  removing  in- 
sulation  from  wire,  care* must  be  taken  to  avoid 
producing  cuts  or  nicks  which  greatly  reduce 
the  mechanical  strength  of  the^wire,  especially 
under  conditions  of  vibration* 

The  joint  should  be  prepared  just  prior  to 
soldering  since  the  prepared  surfaces  will  soon 
corrode  or  become  dirty  if  it  remains  exposed 
to  the  air. 

The  parts  to  be  joined  must  be  securely 
joined  mechanically  before  any  soldering  is 
done. 

To  solder  electrical  connections  (fig.  7-19), 
hold  the  soldering  iron  (copper)  beneath  the 
splice  being  soldered  with  as  much  mechanical 
contact*  as  possible  to  permit  maximum  heat 
transfer.  Apply  the  rosin  core  solder  to  the 
splice.  The  tinning  on  the  soldering  iron  aid£> 
the  transfer  of  heat  to  the  spliced  wire  which, 
when  hot  enough,  will  melt  the  solder.  Before 
this  temperature  is  reached  the  rosin  core  will 
have  melted  and  run  out  over  the  wire  to  flux 
the  splice.  When  .the  solder  has  coated  the 
splice  completely,  the  jpb  is  finished.  No  extra 
solder  is  needed.  * 

A  good,  well-bonded  connection  \is  clean, 
shiny,  smooth  and  round.  It  also  approximately 
outlines  the  wire  and.  terminal  as  shown'in  fig- 
ure 7-20. 


PRECAUTIONS  j 

One  sizzling  burn  experience  is  usually 
-   enough  to  breed  a  healthy  respect  for  hot  ob- 
jects. When  using  a  soldering  iron  or  gun  ai- 
>  ways  bear  in  mind  the  following: 

Electric  soldering  irons  must  not  remain 

•  connected  longer  than  necessary  and  must  be 
kept  away  from  flammable  material. 

In  order  to  avoid  burns,  always  assume^Ehat 
a  soldering  iron  is  hot.  7 *  • 

*  Never  rest  a  heated  iron  anywhere  but  on  a 
metal  surface  or  rack  provided  for  this  pur- 

*  pose;  Faulty  action  on  your  part  coulAresult 
in  fire,  extensive  equipment  damage,  sStf  seri- 
ous injuries. 

Never  swing  an  iron  to  remove-  solder  be- 
cause the  bits  of  solder  that  come  off  may  cause 
serious  skin  or  eye  bums  or  ignite  Combustible 
materials  in  the  work  area. 

When  cleaning  an  iron,  use  a  cleaning  cloth  * 
or  damp  sponge,  but  DO  NOT  hold  the  cleaning 
cloth  Qr  damp  sponge  in  your  hand.  Always 
place  the  cloth  or  damp  sponge  on  a  suitable 
surface  and  wipe*  the  iron  across  it  to  prevent 
burning  your  hand. 

Hold  small  soldering  jobs  with  your  pliers 
or  a  suitable  clamping  device.  Never  hold,  the  v 
work  in  your  hand.  v. 

After  completing  the  .task  requiring  the,  use 
of  a  soldering  iron,  disconnect  the  power  cord 
from  the  receptacle  and,  when  the  iron  has 
cooled  off,  stow  it  in  its  assigned  storage  area. 
Do  not  throw  irons  into  a  toolbox.  When  storing 
irons  for  long  periods  of  time,  coat  the  shaft 
and  all  metal  parts  with  rust-preventive  com- 
pound and  store  in  a  dry  place. 


LUBRICATION 


If  you  grew  up  in  < a  large  city,  perhaps  the 
only  connection  you  had  with  lubrication  was 
taking  the  family  car  to  the  garage  or  gasoline 
station  for  greasing  and  an  oil  change.  If  you 
grew  up  on  a  farm  or  had  a  car  that  you  kept  in 
running  condition  yourself,  you  are  well  aware 
of  the  need  for  regular  lubrication  of  all  tnoving 
parts.  If  your  car  ever  burned  out  a  bearing, 
you've' had  a  lesson  you  are  not  likely  to  forget. 

FUNCTIONS  OF  LUBRICANTS 

Lubricants  are  used  as  coolants,  to  reduce 
friction,  to  prevent  wear,  and  to  protect  against 
corrosion.- 


169 


\ 


P 


Ii37 


\ 


TOOLS  AND  THEIR  USES 
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AT  ASSEMBLY 

4  rcsponsc  gear  aojust3ng  coupling 
(coat  worm  teeth) 

WEEKLY  OR  30  HOURS  OPER- 
ATION (MINIMUM) 

I  SHIFTING  LEVER  • 

t  HANDWMEEL  HOUSING 

(CHICK'  LEVEL  AND  REPLENISH) 

)  HAND WHEEL  HANDLES 

f  INNOANO  HOUSING  ASSEMGLY 
(I  FILL  PLUG.  I  DRAIN  PLUG) 

•  TRAIN  ORDER  ANO  RESPONSE  HOUSING 
(3  FITTINGS,  I  UVEL  PLUG) 

•  TRAIN  ORDER  GEAR  HOUSING 
CI  FITTIM0,S  LEVEL  PLUGS) 

9  INTERMEDIATE  RESPONSE  GEAR  HOUSING 
*( I  FITTING,'  I  LEVEL  PLUG) 

10  TRAIN  INPUT  FRONT  HOUSING 

<  FILL  THRU  COVER,  I  LEVEL  PLUG) 

iT  TRAIN  INPUT  REAR  HOUSING  % 
~*  (  FtU  THRU  COVER,  I  LEVEL  PLUG) 

II  WORM  AND  WORM  WHEEL  HOUSING 
it  FILL  PLUGS,  2  ORAIN  PLUGS) 

MONTHLY  OR  120  HOURS  OPER- 
ATION (MINIMUM) 

7  PILLOW  SLOCK  ASSEMBLY 


'  tolf  RAL  UJGRICATkm  IMSTmiCTtONS  . 
RtFER  TO  O.0.SO0O 


APPLICATION «»  EXERCISE  **RTS  WHILE 
LUSRICATING 

.  —    1  1 

WI  PO*Tt.-  tH*Pl  EXPERIENCING  ANY  DIFFI^  " 

CUITY  JWTH*  OPERATION  OF  THE  EOUIP- 
0  MINT  DUE  TO  UISR1CATI0N  IN  ACCORO- 
'  ANCE  WITH  THIS  CHART  SHOULD  SUGMIT  A 
OETAJLtO  REPORT  TO  THC  IURCAU  Of  0*0- 
NANCC  WITH  COPY  TO  THC  NAVAL  GUN 
\  FACTORY. 

CMC CM* OFF  LISTS  »NIDUCEft  SIZE  PHOTO- 
'  PRINT  COPIES  OF  THCSE  CHARTS. MAY  GC  * 
OGTAINCO  FROM  THC/HSVAL  GUN  FACTORY 
FOR  USC  AS  PCRIOOK  CHECK-OFF  USTS. 

REFERENCE  CHARTS 

FOfl  LUiRICATtON  OP*UN  AtOVE  ANO 
PLAN  SflOWSHfLFPtiATt  SEE  OR^NO. 
S0S2SS. 

"   FOR  LUGRICATION  OF  RIGHT  8 1  DC  AtOVE 
"  SHELf  PLATE  SEE  OR.  NO.  $09301. 


INDICATES  WORM  GEAR  LUGRICANT 


AH 
<as.i4oo) 

o 


INDICATES  UGHT  MINERAL  OIL  (NAVY 
SYMSOL  SOSO  OR  2U6)* 


□ INDICATES  SCARING  GREASE 
(|4-0I0(0RD)) 

*LUSRtCAMTS  ARE  SHOWN  IN  ORDER  OF 
PftCPCRCHCC 


TARGET- % 
IYMGOLS 


,  SYMSOL 

SPECIFICATIONS 


6INTRAINING  GEAR  MK.5M0D.I 

(47  CAL.00UOL1  PURPOSE  TWIN) 

LEFT  SIDE  ABOVE  SHELF  PLATE 

(LOOKING  OUTGOARO)  * 

LUBRICATION  CHART 


\  -  \ 


Figure  7 -21. -Lubrication  chart  showing  lubricating  symbols, 13 
schedules  of  lubrication,  and  .other  instructions. 
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Table  7-2.-Targets  and  Corresponding  Lubricants  Appearing  on  Lubrication  Charts  - 

44.221 


TARGET 
SYMBOL 


O 


o 


NAME  OF  LUBRICANT 


Lubricating  Oil,  General  Purpose 


Lubricating  Oil,  General  Purpose 


Rubricating  Oil,  Aircraft  Reciprocating 
(Piston)  Engine 


Lubricating  Oil,  Preservative, 
Light 


Lubricating  Oil,  Aircraft  Instrument, 
Low  Volatility 


Lubricant,  Worm  Gear 


Grease,  Extreme  Pressure 


Grease,  Bearing,  for  General 
Ordnance  Use 


Grease,  Instrument 


Lubricant,  Ball,  and  Roller  Bearing 


Lubricants,  Fluids/  Preservatives,  etc., 
Other  Than  Those  Indicated  Above 


SPECIFICATION 


MIL-L-15016  (MS  3042) 
(Supersedes  NS  3042) 


MIL-L-15016  (MS  3050) 
(Supersedes  NS  3050) 


MIL-O-6082  (Grade  1065) 
(Supersedes  NS  1065) 


MIL-L-3503. 
(Supersedes  14L17  (Ord)) 


MIL-L-6085 
(Supersedes  14*0-20 
(Ord)) 


MIL-L-18486  (NOrd) 
(Supersedes  OS^1400) 

MIL-G-17740  (NAVY)- 
(Supersedes  14G9  (Ord)) 


MIL-G-16908  (BuOrd) 
(Supersedes  14G10) 


MIL-G-15793  (BuOrd) 
(Supersedes  14G8  (Ord)) 


MlL-G-18709  (NAVY) 
(Supersedes  14L3) 


As  Specified 


Used  To  Designate  Spe- 
cial Notes,  References, 
and  Instructions 

 .  _  i 
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TOOLS  AND  THEIR  U§ES 


In  mechanical  devices,  lubrication  is  neces- 
sary to  minimize  friction  between  moving  parts. 
Only  the  presence  of  a  layer  or  film  of  lubricant 
between  metal  surfaces  keeps  the  metals  from 
touching.  Moving  parts  "ride"  on  this  film.  *As 
a  result  i  friction  is  reduced  between  the  moving 
parts.  '  J 

Prolonged  operating  life  is  ensured  when  the 
thin  film  of  lubricant  keeps  m^tai  surfaces  from 
direct  contact  with  each  other.  If  the  film  dis- 
appears, you  have  "hot-boxes/9  burned  out  and 
frozen  bearings,  scored  cylinder  walls,  leaky 
packings  and  a  host  of  other  troubles.  Appro- 
priate use  of  proper  lubricants  minimizes 
possible  damage  to  equipment. 

LUBRICANTS 

Lubricants  are  of  two  general  classes— oils 
and  greases.  Oils  are  fluids;  greases  are 
semisolid  at  ordinary  temperatures.  For  many 
applicationst  liquid  lubricants  are  more  suit- 
able than  greases,  particularly  if  the  lubricant 
can  be  retained,  as  in  an  oil  bath,  a  gear  box,  or 
in  a  forced-feed  system.  Where  conditions  are 
such  that  oil  is  not  readily  retained,  or  addi- 
tional* protection  against  coi  ?slon  is  needed, 
greases  are  used.- 

CHARTS  AND  INSTR  ,CTIONS  \ 

How  do  you  know  which  oil  or  grease  to  se- 
lect for  a  particular  application?  Lubrication 
charts  -  and  instructions provide  this 
information,  *  \ 

,:  Lubrication  instructions  are  issued  for  all 
naval  equipment  requiring  lubrication.  Such 
instructions  majr  be  issued  as  k  lubrication 
charts,  maintenance  requirement  cards,  no- 
tices, or  any  combination  of  these: 

Lubrication  charts  (fig.  *7- 21)  generally  in- 
dicate the  approved   lubricants,  lubrication, 
pbints,  frequency  of  lubrication,  and  the  targets 
symbol  (table  7-2)'of}the  lubricant.    *  . 

GREASE  GUNS 

The  types  of  grease  guns,  shown  In  figure 
7*22  operate  on  the  same  principle,  but  differ 
in  the  ways  tfiey  are  loaded.  You  load  one  type 
by  removing  a  cap  that  comesoff  with  the  handle 
and  stem, and  filling  the  body  with  grease, using 
a  paddle. or  spatula.  As  you  might  expect,  this 
method  of  loading  can  be  messy,  and  it  also  ex- 
poses the  lubricant  to  -dirt  and  moisture. 


In  a  second  type,  you  load  by  inserting  a 
prepacked  cartridge  of  grease  into  the  body  of 
the  gun.  This  loading  method  is  fast  and  clean. 
The  gun  shown  in  figure  7-22A  also  loads  fast 
and  clean.  You  load  it  by  removing  the  cap  nut 
from  the  end  of  the  hollow  handle  and  fbrcing 
grease  in  through  the  handle  with  a  hand  gun 
loader  (fig.  7-23A),6r  a  bucket-type  lubricant 
pump  (fig.  7-23B). 

The  hand  gun  loader  is  a  25-pound  container 
equipped  with  a  hand-operated  pumpanda  fit- 
ting that  mates  with  the  opening  in  the  handle  of 
the  grease  gun.  The  bucket-type  -lubricant 
pump  makes  use  of  a  loader  adapter  and  loader 
valve,  when  it  is  used  for  loading  a  grease;  gun. 
One  pound  of  lubricant  is  delivered  with  evgry 
seven  full  strokes  of  the  pump.  The  loader  will 
deliver  lubricant  only  when  the  gun  is  placed  on 
the  loader  valve..  You  can  see  how  much  less 
messy  this  loader  is  than  the  paddle,  and  how  it 
protects  the  lubricant  ^gainst  contamination. 
Besides,  you  don't  have  to'  run  back  to  the  store- 
room to  refill  your  gun.  /. 

Different  nozzles  can  be  attached  to  the 
grease  guns  for  different  types  of  fittings.  The 
lubricant  pump  also  has  various  couplers  and 
adapters  that  attach  to  the"  hose,  so  that  the 
pump  can  be  used  on  different  fittings. 

Grease '5guns  can  be  used  for  oil  if  the  point 
to  be  lubricated  has  the  proper  fitting,  or  an  oil 
gun  (flg/7-22E)  may  be  used. 


FITTINGS 

Gretfse  fittings  are  of  several  types— 
hydraulic  (unofficially  called  the  Zerk  fitting) , 
buttonhead, ,  pin- type,  and  flush  (fig.  7-24). 

The  hydraulic  fitting  protrudes  from** the 
surface  into*  which  it  is  screwed,  and  has  a 
specially  shaped  rounded  end  that  the  mating 
nozzles  of  the  grease  guns  can  grip.  A  spring- 
loaded  ball  acts  as  a  check  valve.  The  nozzle 
will  not  slip  off  the  fitting  during  lubrication, 
but  can  be  easily  disengaged  by  a  quickforward- 
backward  movement.  Figure  7-24A  shows  a 
cross  section  view  of  a  straight  hydraulic  fit- 
ting and  figure  7-24C  shows  angled- hydraulic 
fittings  made  for  lubrication  points  that  are 
hard  to  reach.         ^  ^ 

The  flush  fitting  (fig,  7-24B)  is  flush  with 
(or'below)  the  surface  into  which  it  is*  set,  so 
that  It  will  not  interfere  with  moving  parts.  It 
is  also  used  where  there  is  not  sufficient  clear- 
ance to  install  protruding  fittings. 


172 


Chapter  7-MISCELLANEOUS  TASKS 


Figure  7-22*-Hand-operated  grease  guns* 


8*>.120 


Button-head  and  pin-type  fittings  (figs*  7-24D 
and  E)  provide  a*  more  positive  connection  with 
the  grease  gun.  A  single  quarter  turn  of  the 
grease  gun  on  the  pin-tyffe  fitting  locks  the  con- 
nection between  the  gun  and  the  fitting* 


The  oil  cup  with  ball  valve  (fig*  7-24F)  is 
the  most  popular  for  oil  fittings* 

Plastic  protective  caps  often  are  provided 
for  use  on  hydraulic  fittings  to  prevent  thef 
entrance  of  dirt  and_water^and^to_protect  the 
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{  hand  gun  loader 


10-FTHOSt  WITH 
HYDRAULIC  COUPLCK 


BUCKET  TYPE  LUBRICANT  PUMP  } 


Figure  7-23.-Hand-operated  grease  pumps. 
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fittings  during  ice  removal,  painting  and  simi- 
lar operations.  The  caps  also  .prevent  the 
greases  from  hardening  in  the  fitting.  If  avail- 
able, use  them  after  you  have  completed  your 
lubrication  task. 

USING  A  HAND-OPERATED 
GREASE  GUN- 
To.  use  a  push-type,  hand-operated  grease 
gun,  you  connect  the  nozzle  of  the  gun  to  its 
corresponding  fitting  at  the  lubrication"  point 
and  work  the  handle  in  and  out*  To  connect  the 
gun,  align  the  nozzle  and  the  fitting  end-to-end 
.ancLpushbn  the  gun  handle  so  the  nozzle  slips 
'  over  the  hydraulic  fitting  or  into  the  flush  fit- 
ting. At  the  same  time  that  the  nozzle  mates 
with  the  fitting,  the  handle  moves  inward  to 
build  pressure  inside  the  gun  to  force  grease 
out  of  the  nozzle  and  into  the  fitting*  Then,  l$t 


up  on  the.  handle  a  moment.  A  spring  in  the 
gun  will  then  force  the  handle  out  a  little  way 
and  prepare  the  gun  for  another  inward  stroke 
of  the  handle. 

When  you  connect  the  push-type  gun  to  a  hy- 
draulic fitting,  the  nozzle  grips  the  fitting  and 
is  held  firmly  only  as  long  as  the  nozzle  and 
fitting  are.. aligned  or  until; pulled  free.  In  con- 
necting* the  gun  to  a  flush  type  fitting,  however, 
you  must  keep  a  steady/pressure  on  the  fitting 
because  the  nozzle  doesn't  grip  the  fittihg  (fig. 
7-24B),  - 


LUBRICATING  PROCEDURE 

As  with  other  routine  jobs,  it  helps  to  have  a 
standard  operating  .procedure  that  you  can  ha- 
bitually follow.  Here's  one  that  will  be  helpful 
when  lubricating. 
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STRAIGHT 
HYIWAUUC 


FLUSH  TYPE 
WITH  FLUSH  TYPE  GREASE 
GUN  NOZZLE  INSERTED 


HYDRAULIC  FITTINGS 
FOR  DIFFERENT  ANGLES 


3UTTON-HEAD 
TYPE 


1.  First,  consult  the' lubrication  chart  to 
learn  the  location  of  each  fitting. 

'2.  After  locating  «a  fitting,  clean  it  with  a 
lintless  cloth,  ■  * 

3.  Apply  the  correct  amount  of  the  specified 
lubricant*  (Be  careful  of  the  amount  you  apply- 
too  much  will  cause  excessive  heat  in  the  bear- 
ing and  strain  the  grease  retainers,  while  too 
little  is  on  a  par  with  toQ  late.) 

4.  Wipe  all  excess  grease  from  around  the 
fitting, 

5.  Check  off  the  fitting  on  your  chart.  A 
fitting  must  not  be  missed  just  because  it  is 
bettered  or  Jcpj2enu„,  A  Jittered  fitting  must  be 
replaced.  A  .."frozen"  fitting  probably  means 
that*  thg  oil  holes  throughout  the  bearing  are 
•clogged;  This  means  tearing* down  the  bearing 
and  cleaning  all* parts  carefully.  Grease  that 
fitting  even  if  it  requires  ah  hour  of  extra 
work! 


OIL  CUP 
(•ALL  VALVE) 


'    PIN-HEAD  TYPE 

►'Figure  7-24.-Lubrication  fittings. 
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A 

Adjustable  wrenches  11-13 
Allen-type  wrenches,  13 
Auger  bits,  40 


B 

Belt  sander,  65  -  — — 

 -Bench  and  pipe,  viae,  53  , 

Bench  grinder,  75-77 
.  Blacksmith's  vise,  53 
Bolt  cutters,  16 
Bolts,  113, 115 
Boring  tools,  40-45  . 
Box  wrenches,  7  * 
Braces,  41-45 
Bristol  wrench,  13 
Built-in  safety  equipment,  60 


'  C 

Calipers,  82-91 
Camloc  fasteners,  120 
Capscrewe,  117 
Carpenter's  hammer,  3 
Carpenter's  square,  97 
C -clamp,  53 
Clamp  base  vise,  53 
Chain  pipe  wrench,  12 
'Channel-lock  pliers,  50 
Charts  and  Instructions,  172-175 

fittings,  172 

grease  guns,  172 

lubricating  procedure,  174 

using  a  hand-operated  grease  gun,  174  - 
Chipping  hammer,  portable  pneumatic,  70 
Chisels,  19 

r  Circular,  saw,  portable,  66. 
*  Combination  square,  99 

Combination  wrench,  7 

Cotter  pins,  122 


.  Countersinks,  25 
Cross-cut  saws,  36 
Cutting  metal  with  chisels,  141' 
Cutting  metal  with  drills,  142-145 
*      Cutting  piping  and  tubing,  157 
Cutting  threads,  146-154.  . 


O 

Decimal  equivalents  of  drill  sizes,  26 

Depth  gage,  101-103 

Diagonal  pUers,  51 

Dies,  29-32 

Disk  sander,  64 

Dividers,  109 

Drill  press,  72-75 

Drills,  41-45 

Drills,  portable  electric,  63 
Duckbill  pliers,  51 
Dzus  fastener,  120 


E 

Electric  impact  wrench^  68 
Electric  pewer  tools,  portable,  63-69 


F 

Fastening  components  and  procedures,*!  12-125 

metal  fastening  devices,  114-120 

rivets,  123-125 

safetying  methods,  121 

turnlock  fasteners,  120 
-  woodworking  fasteners,  112-114 
Feeler  gage,  104 
Eiies,  20-25 

care  of,  24 

filing  operations,  22 

grades,  21 

safety,  24 

shapes,  21 
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flaring,  160  ■ 
Flaring  tools,  34 
Flashlight,  57 
Fluxes,  167 


G 

Gloves,  59 
Goggles,  59 
Grinders,  portable,  66 
Grinding  operations,  126-140 

grinding  wheels,  126*129 

safety,  126 

selecting  and  using  the  wheel,  129*140 
Grinding  wheel  selection  and  use,  129*140 
center  punch  sharpening,  133 
chlstfel  head  grinding,  135 
grinding  metal  stock,  131*133 
hand  sharpening  twist  drills,  138 
installing  the  wheel,  130 
screwdriver  tip  dressing,  133 
sharpening  a'  twist  drill  by  machine,  139 . 
sharpening  a  twist  drill  for  drilling  brass, 
139 

sharpening  metal-cutting  chisels,  136-138 
thinning  the  web  of  a  twist  drill,  139 
tin  snips  sharpening,  134 
truing  and  dressing  the  wheel,  131 
Grinding  wheels,  126-129 

*  "markings  and  composition,  127 
sizes  and  shapes,  127 


H 

Hacksaws,  17-19 

Hammers,  3  - 

Hand  screw  clamp,  53 

Hand  tube  bender,  159 

Handsaws,  35-39 

cross-cut  and  rip  saws,  36  , 
saw  precautions,  36 
special  purpose  saws,  36 
use  and  cafe  of,  37 

Handtools,  1*60 

metal  cutting  tools,  14-27 
miscellaneous  tools,  56-60 
pliers,  48-55 
punches,  27*34 
screwdrivers,  47 
sharpening  stones,  55 
striking  tools,  3 
turning  tools  (wrenches),  5*14 
vises  and  clamps,  52-55 
woodcutting  handtools,  34*46 


I 

Impact  wrench,  electric,  68 

Impact  wrench,  portable  pneumatic,  71 

Inspection  mirror,  58 


K 

Keys,  119 
-  Knives,  56 


L 

Levels,  110 
-Lubrication,  169*172 

functions  of  lubricants,  169 

lubricants*  172 

M 

Machine  screws,  116 
Machinist's  bench  vise,  52 
Machinist's  hammer,  3  ' 
Maintenance  of  striking  tools,  4 
Mallets,  4    ^  . 
Marking  gages,  108 

Measuring  tools  and  techniques,  78*111 

micrometer,  91-97 

miscellaneous  gages,  101*111 

rules  and  tapes,  78*82 

simple  calipers,  82*87 

squares,  97-101 

vernier  caliper;  8  7-91 
Mechanical  fingers,  57 
Metal  cutting  operations,  141-158 

cutting  piping  and  tubing,  157 
*  reaming  operations,  154-157 

threads  and  thread  cutting,  145-154 

with  chisels,  141 

with  drills,  142 
Metal  cutting  tools,  14-27 
Meuil  fastening  devices,  114*120 
Micrometer,  91*97 

care  of,  97 

measuring  a  flat  surface,  96 
measuring  hole  diameters  with  an  inside 

micrometer  caliper,  95  . 
measuring  round  stock,  96 
reading  a  micrometer  caliper,  93 
reading  a  vernier  micrometer  caliper, 

94   ■      -  ,     

selecting  the  proper  micrometer,  92 
types  of,  92 
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N 

Nails,  112 

Needle  impact  scaler,  70 
Needle-nose  pliers,  51 
Nonsparking  wrenches,  13 . 
Nuts,  118 


O  0 

Open-end  wrenches,  5-7 
Orbital  sander,  65 


P 

Personal  safety  equipment,  58 

Phillips  screwdriver,  48 

Pin*-  H9 

Pip^cutters,  33 

Pip*  vise,  53. 

Pipe  wrench,  11 

Planes,  39 

Pliers,  48-55 

Plumb  bob,  109 

Pneumatic  power  tools,  portable,  69-72 
Pop  rivets,  124 

Portable  electric  power  tools,  63-69 
circular  saw,  66 
drills,' 63 

electric  impact  wrench,  68 

grinders,  66  . 

saber  saw,  68  *  . 

sanders,  64 
Portable  pneumatic  power  tools,  69-72 

chipping  hammer,  70 
-  impact  wrench,  71 

needle  and  rotary  impact  scalers*  70 

safety,  69  . 
Power  tools,  61-77 

common  power  machine  tools,  72-77 

portable  electric  power  tools,  63-69 

portable  pneumatic  power  tools,  69-72 

safety,  61-63 
Protective  helmets,  60 
Punches,  27-34  • 


Reamets,  26 

Reaming  operations,  154-157 
•   burr  removal,  157  , 
straight  holes,  155 

tapered  holes  and  pin  installation,  155 


v    Reed  and  Pripce  screwdriver,  48 

, .'.Removing  broken  bolts  and  studs,  161-165 
♦Ripsaws,  36 
•    Rivets;  123-125 

selection  of,  125 
types  of,  123 
Rod  saws,  19 
Rotary  impact  scaler*,  70 
Rules  and  tapes,  78-82 

care  of,  82  .  0 

measuring  procedures,  79-82  ^  ^ 

*     '  S 

Saber  saw,  68 
Safety  - 

belts  and  straps,  59 . 

hacksaw,  18 

poster,  61 

power  tools,  61-63 

shoes,  58 

snips,  15 

ten  commandments  of,  1 

vise  and  clamp,  54  ' 

wiring,  122  - 

wrenches,  14 
Safetying  methods,  121-123  , 
Sanders,  64-66 

Scalers,  needle  and  rotary,  70 
Screw  extractors,  33 
*  Screwdrivers,  47  * 

ratchet,  48       *  * 

recessed,  47 

-safety,  48  - 

standard,  47 
.Setscrew  wrenches,  13  * 
Setscrews,  117 
Sharpening  stones,  55 
Shears,  14 

Side-cutting  pliers,  51 
Simple  calipers,'  82-86 

care  of,  86 

use  of,  83-86 
"  Sledges,  4 
Slide  caliper,  86 
Sliding  T-bevel,  98 
Slip-joint  "pliers,  49 
Small  hole  gage,  107  . 
Snips,  14 

Socket  wrenches,  8 
Soldering,  166-169 

fluxes,  167 

precautions,  169 

soldering  gun;  168 

soldering  irdns,  168 


INDEX 


Soldering — CcmtteueS  , 
soldering  procedure,  169 
soldering  tool*,  167 
solders,  166 

tinning  a  soldering  iron,  168 
Spanner  wrenches,  13 
Spring  benders,  159 
Squares,  97-101 
Standard  rivets,  123 
SttUeon,  11 
Strap  wrench,  12  * 
Striking  tools,  3 

Stripping  ineulatedjvire,  165  _ 
Surface  gage,  103 
Surface  plate,  103 


Tap  extractors,  33 

Tips,  29-32 

Telescoping  gage,  107 

Ten  commandants  of  safety,  1 

Thickness  (feeler)  gage,  104 

Thread  chasers,  32 

Thread  gage,  105 

Threads  and  thread  cutting,  145*154 
cutting  external  pipe  threads,  153 

j .    cutting  internal  pipe  threads,  152 

cutting  machine  threads  with  dies,  148-150 
cutting  machine  threads  with  taps,  146-148 
reconditioning  machine  threads,  150-152 
tap  drill  determination,  146 
thread  terminology,  145 


Toolbox,  Navy,  2 
TorqHSefscrews,  48 
Torque  wrenches,  9-11 

Tryaquaref  98  

Tube  cutters,  34 
Turning  tools,  5-14 
Turalock  fasteners,  120 
twist  drills,  25  » 


,  Vernier  caliper?  87-91 
care  of,  91  ' 

principles  of  the  vernier  scale,-  87 
,  reading  a  vernier  caliper,  88-91 
vernier  scale  arrangement,  88 
ViseTgrip  pliers,  50 
0  Vises  and  clamps,  52*55 


W 

Washers,  jL19  • 
Water-pump  pliers,  50 
Wire  gage,  106 
Wire-twister  pliers,  51 
'Wood  chisels,  45 
Wood  screws,  112 
Woodcutting  haadtools,  34-46 
Woodworking  fasteners,  112-114 
Wrenches,  5-14  —  - 
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Only  Chapters  2,  h$  7>  8,  and  9  of  this  publication  have  been 
included  with  this  course*   These  are  the  chapters  required  as  readings- 
for  the  course.  . 
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CHAPTER  2 

BLUEPRINTS,  DIAGRAMS  AND  SCHEMATICS 


This  chapter  discusses  the  uses  and  im- 
portance of  being  able  to  read  and  Interpret  ele- 
mentary and  detailed  wiring  diagrams  and  sche- 
matics. These  diagrams  and  schematics  are 
maps  which  Indicate  the  location  of  circuits  and 
circuit  connections  of  electrical  installations 
and  equipment 

Blueprints  are  reproductions  of  these  work- 
ing drawings.  When  properly  utilized,  they  are 
an  invaluable  <rtd  in  troubleshooting  or  in  deter- 
mining faults  in  an  electrical  circuit.  Locating 
and  repairing  faults  are  undoubtedly,,  the  most 
important  work  assignments  you  will  have.  % 

You  will  also^e  required  to  install  new  cir- 
cuits or  repair  old  construction.  The  proper 
use  of  blueprints  pays  dividends  in  many  ways, 
k  or  example,  b Imprints  will  save  many  man- 
hours  of  "sight-Traveling"  cables  as  you^seek^ 
malfunctions  or  an  unknown  termination  point. 

the  ships;  planes,  buildings,-  and  guns  of  the 
Navy  .were  built  from  plans  on  blueprints  and 
they  are  operated,  checked,  and  maintained  ac- 
cording to  information  fouijd  on  these  blueprints. c 
When  mechanisms  fail  in  service  or  are  dam- 
aged in  battle,  blueprints  are  used  to  aid  the 
repairman.  When  new  parts  are  to  be  made  or 
the  system  is  expanded,  blueprints  provide  the 
necessary  "information.  Remember,  too*,,  that 
much  planning  and  manpower  jftdLmateriaL~es~~-" 
Uniting :  4sjbased-  on  the'inf  or mation  contained 
-  'intKe se  blueprints. 

BLUEPRINT JIEATOIG.  _  - 

— Thelerm  "blueprint  reading11,  refers  to  the 
ability  to  express  the  meanings  conveyed  in 
drawings,  whether  the  drawings  are  actually 
blueprints  or  not.  Be  aware  that  all  blueprints 
are  not  blue  in  color,  but  a  drawing  of  any  color  -  - 
which  delineated  a  master  or  key  plan.  A  very 
important  reference  book  is  the  basie  Navy 
training  manual  Blueprint  Reading  and  Sketch- 
ing, NavPers  10077-C.  Chapters  1  through  5 
are  especially  pertinent  to  the  Construction 
Electrician.  Be  sure  to  review  the  contents  of 
these  chapters  in  the  latest  edition  of  this 
manual. 


HANDLE  WITH  CARE 

Blueprints  sure  valuable  permanent  records 
which  can  be  used  again  and  again  if  you  take 
care  of  them.  Here  are  some  dimple  rules  for 
obtaining  the  best  results  from  them. 
,  •  Keep  them  out  of  sunlight  to  prevent  fading." 

•  DO  NOT  make  pencil  or  crayon  notations 
on  a  print  without  proper  authority.  If  you  should 
be  instructed  to  mark  a  blueprint,  use  a  pencil 
with  appropriately  colored  lead.  A  yellow  crayon 
provides  good  contrast  to  a  blue  background 
since  ordinary  black-lead  pencil  marks  are  hard 
to  see  on  a  colored  background. 

•  Avoid  getting  the  prints  wet  or  grease- 
smudged.     *  "  . 

-•Jteep-prints^stored-properijrso^they  can 
be  located  quickly  the  next  time  you  need  them. 

FOLDING  BLUEPRINTS 

A  standardized,  accurate  system  of  filing 
blueprints  is  necessary  so 'that  prints'  may  1jp 

-  found  quickly.  Thife  standardized  system  ensures 
that  the  identifying  marks  appear  in  the  same 
place,  preferably  at  the  top,  when  the  prints  are 
in  vertical  filing  order.  Most  of  the  prints  you 
will  see  will  already  be  properly  folded.  Your 
only  concern  will  be  to.  see  that  they  are  re- 
folded correctly.  If  you  use  prints  that  have*  not 
been  folded  at  air,  or  that  have  be>n  folded  im- 
properly, fold  ttfem  in  such  a  manner  that  the 

-drawing number  in  the  lowerTight  hand  corner 
of  the  title  block  appears  on  the  outside.  (Some 
older  drawings  may  have  the  drawing  numbers 
placed  in  other  portions  of  the  title  block.) 

PARTS  OF  A  BLUEPRINT 

r-  The  chief  part  of  a  drawing  is,  of  course,  the 
graphic  representation  of  the  object,  whatever 
it  may  be,  together  with  dimension  lines,  di- 
mensions, symbols,  and  other  graphic  devices 
which  explain  the  representation.  Additional  in- 
formation is  inscribed  in  the  title  block,  the 
bill  of  materials,  the  scale,  and  the  legends, 
*and  notes. 
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*■    RESPONSIBLE"  ■ 
GOVERNMENT 
•  'ACTIVITY  AS 
APPLICABLE* 

•    DESIGN  ACTIVITY' 

 *  j  

DRAWING 

TITLE 

APPROVED  DATE 

$K*JATURE*D"«*  activity  i  " 

SIZE 

(UTTCA 

sac  or 

OWC) 

SCAL 

COOE  IOENT.NO. 

(OF  DESIGN 
f  ACTIVITY)  • 

E  I  (Of  S£AWI*0)| 

DRAWING  NUMBER 

ISHEET  OF 

APPROVEO  OATE 

SIGNATURE.,0TMC"       ociign  activity! 

Figure  2-l.-Tltle  block. 


45.159(73G) 


Title  Block 


The  tiUc  block  (fig.  2-1)  gives  the  tiUe  pf  the 
drawing,  and  the  number  that'  has  been  assigned 
to  that  drawing.  It  indicates  also  who  prepared 
the  drawing,  who  checked,  it,  the  authority  under 
which  it  was  issued,  and  the  date  approved. 

Drawing  Number 

The"  drawing  number  is  especially  important, 
both  for  purposes  of  filing  the  blueprint,  and  for 
locating  the  correct  drawing  when  it  is  specified 
on  another  blueprint*  For  example,  where  a 
number  of  separate  buildings  shown  on  a  series 
of  blueprints  are  to  have  identical  wiring  sys- 
tems, cross-referencing Hthle  other  drawings  to 
one  plan  which  shows  all  the  details  saves  the 
labor  ol  repeating  the  wiring  system  on  every 
drawing.  - 


BiU  of  Material 

The  bill  of  material  is  a  list  of  all  the  items 
required  to  install  a  particular  piece  of'  equip- 
ment or  to  erect  a  particular  building.  The 
list  includes  stock  number,  description,  and 
quantity  of  each  Item.  As  you  can  see  by  refer- 
ring  to  figure  2-2,  the  list  is  complete  down  to 
&the  last  screw.  - 

When  equipment  assemblies  are  received  at 
an  advanced  base,  *  it  is  possible  for  you,  by 
checking  the  bill  of  material,.4o  quickly  deter- 
mine if  the  items  shipped  are  what  you  need  for 


theid)  in  hand,  and  whether  or  not  they  allow  for 
changes  made  necessary  by  local  conditions. 

Scale 

The  scale  of  a  drawing  is  particularly  im-  . 
portant  to  the  Builders,  but  it  has  a  practical 
value  to  the  Construction  Electrician  as  well. 
Dimensions  of  buildings,  and  distances  between 
them,  will  have  to  be  considered  in  figuring  the 
number  of  reels  of  wire  required,  and  the  num- 
ber of  poles  to  be  erected,  or  the  amount  of  wire 
and  conduit  in  the  building. 

Avoid  measuring  distance  on  a  blueprint/ 
Why?  One  reason  is  that  the  drawing  may  have 
been  reduced  in  size  from  the  orJgin^L  Another 
is' that  the  print  may  have  shrunk  orStretelied. 
Whenever  possible,  you  should  READ  the  di- 
mensions indicated  on  the  drawings  in  preference 
to  scaling  the  distance. 

.  U  scaling  is  unavoidable,  the  grlphic  scale 
must  be  checked  for  possible  expansion  or 
shrinkage.  'Be  sure  to  avoid  using  a  wrong 
scale.  Note  especially  if  :any  details  are  drawn 
to  a  scale  different  than  that  of  the  rest  of  the 
drawing.  Play  it  safe  and  READ  dimensions: 
they  always  remain  the  same. 


Notes  and  Legends 

The^  notes  and  legends  which  you  can  expect 
to  appear  on  a  drawing  are  illustrated  in  figure 
2-3.  These  notes  contain  equipment  specifica- 
tions, procedures  for  installing,  and  operating 
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Figure  2-2.— Safety  shorting  probe. 
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instructions.  They  may  also  contain  explana- 
tions ofpaErts  of  the  drawing,  and  pother  pertinent 
information  not  included  injfie  views  themselves. 
'  The  legend  lists  the  meaning  o£  various  sym- 
bols, abbreviations,  and  item  numbers.  This 
is  a  great  help  to  the  men  k  various  ratings  who 
may  be  engaged  in  the  vfork,  since  not  all  of 
them  would  know  the  symbols  well  enough  im- 
mediately to  grasp  the  overall  plan  for  the  con- 
struction job.  You  will  find  legends  a  help  when 
the  drawings  relate  to  a  job  where  you  must 
plan  the  laying  of  conduit  and  running  of  wire 
around  plumbing  fixtures,  valves,  duct  work,  or 
pipelines.  *  j 

Electrical  Symbols     j  * 

The  number  of  symbols  and  of  abbreviations 
that  may  be  used  on  drawings  runs  into  the 


thousands.  All  draftsmen  do  not  employ  the . 
same  symbol  to  represent  a  particular  item. 
These  two  facts  can  make  blueprint  reading  a 
major  task  for  any  rating. 

Fortunately,  however,  the  Department  of  De- 
fense prescribes  MILITARY  STANDARDS  in 
this  and  other  areas,  which  make  for  a  high  de- 
gree of  uniformity  in  symbols  employed  in  draw- 
ings used  by  the  armed  services.  Graphic  sym- 
bols for  electrical  diagrams  are  prescribed  in 
American  National  Standard  Institute,  Standard 
*  Y  32.2,  dated  19*7.  •  Wiring  symbols  for  elecn 
trical  drawings  are  shown  in  M1L-STD-15-3, 
Part  3,  Electrical  Wiring  Symbols  for  Archi- 
tectural and  Electrical  Layout  Drawings. 

Other  standards  you  should  be  familiar  with 
are  MTL-STD-12B,  Abbreviations  for  Use  on 
Drawings  and  MIL-STD-103,  Abbreviations  for 
Electrical  and  Electronics  Use, 
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Figure  2-3.-Representative  notes  and  legends. 


MIL-STD-12B  contains  a  list  of  those  abbre- 
viations^ customarily  used  otf-'all  construction 
drawings*-  ML9STD-103  sugplementj  this  by" 
-dealing-spectficaHywith-abbre^^  only 
on  electrical  and  electronic  drawings 

Ail  of  the  references  listed  should  be  avail- 
able .  in  your  battalion.  However,  you  should 
memorize  the  symbols  shown  inMIL-STD-15-3, 
PaJgt  3,  Electrical  Wiring  Symbols  for  Archi- 
tectural and  Electrical  Layout  Drawings. 

Use  every  opportunity  you  have  to  study  the 
blueprints  of  the  job  to  which  you  are  assigned. 
Try  to  picture  in  your  mind  the  item  represented 


by  each  symbol.  Trace  the  electrical*  circuits- 
estimating  the  length  of  wire  required  for  each 
circuit,  and  the  locations  of  conductors  and  parts. 
When  the  lines,  symbols,  abbreviations,  and 
notes  make  an  understandable  mental  picture  to 
you,  you  have  learned  to  read  an  electrical  draw- 
♦  ing.  Remember  .  . ,  if  you  do  not  understand  * 
what  portions  of  the  diagram  mean,  ask  your 
senior.  ' 

ACCURACY 

« 

Your  chief  may  aslc  you  to  determine  the 
amount  of  Romex  cable  to  be  used  for  wiring  a 
building.  He1  U  hand  you  a  blueprint .. .  .  and  .if 
it  doesn't  have  any  BILL»OF  MATERIAL,  you'll 
have  to  obtain  the  information  from  appropriate 
measurements.  _ 

Be  sure  you  don't  over  look  any  of  the  circuits. 
One  way  to  be  sure  is  to  cross  out,  with  col- 
ored* crayon,  each  circuit  as  soon  as  you  have 
completed  its  measurement. 

♦ 

-     DIAGRAMS  AND  SCHEMATICS 

Construction  electricians,  who  know  the  trade, 
>  "talk  with  diagrams."  When  a  technical  question 
is  brought  up,  a  single  diagram  is  often  worth 
more  than  hours  of  discussion. 

There  are  a  number  of  types  of  electrical 
drawings.  These  may  vary  from  wiring  diagrams 
(scale  drawings  -of  electrical  apparatus  which 
show  the  exact  location  of  all  wiring  and  connec- 
tions)-, to  schematic  diagrams  and  architectural 
'  plans. 

In  figure  2-4,  a  pictorial  drawing,  ah  ele- . 
mentary  wiring  diagram,  and  a  schematic  are 
compared.  They  show  exactly  the  same  thing, 
but  they  look  quite  different, 

Let*s  see  how  diagrams  prove  their  worth  in/ 
voltage  distribution,  interior  wiring,  communis 
cations,  and  planning.  Your  work  may  involve  > 
you  in  any  or  all  of  these  areas. 


^EXTERNAL- 


DISTRIBUTION  SYSTEMS 

Figures  2-5  and  2-6  illustrate  a  pictorial  and 
schematic  view  of  a  three-wire  distribution 
system.  Assume  that  the  system  has  a  delta- 
connected  alternator  generating  220  volts.  From 
the  generating  station,  three-wire  feeders  carry, 
the  power  overhead  to  the  distribution  center, 
from*  which  two  primary  mains  branch  off.  One 
of  these  carries  power  to  a  lighting  system  and 
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it 


SCHEMATIC 


JtfJRJNG 


motor,  however,  two  wires  in  tfiTprimary.main 
are  tapped  off  to  a  transformer  which  reduces 
the  220- volt  primary  main  voltage  to  110  volts* 
Similarly,  power  to  secondary  mains  running  to 
operational  headquarters,  living  headquarters, 
and  mess  hall  is  reduced  to  110  volts* 

A  PLAN  drawing  is  another  type  of  drawing 
useful  in  exterior  layout*  Figure  2-7A  and  2- 7C 
shows  views  from  directly  above  the  items  in 
the  drawing  and  the  proportion  and  relations  of 
parts  or  objects  to~~one  another*  The  PLOT 
PLAN  (fig*  2-7A)  shows  an  area  and  gives  the 
exact  layout  of  various  buildings,  roads,  equip- 
ment, etc. 

Figure  2-7A  is  a  plot  plan  showing  5  build  - 
ingfe  which  are  to  be  supplied  with  electricity 
for  power  and  lighting*  An  electrical  layout  has 
been  superimposed*  Genera&tiotes  (fig*  2-7B), 
one  detail  (fig.  2-7C)  and  jjection  A-A  (fig;  2- 
7D)  of  that  detail  are  shown.  The  dotted' line  at 
the  bottom  of  the  drawing  indicates  underground 
ducts  containing  previously  laid  cable. 

The  design  engineer  has  decided  to  tap  the 
cable  at  manhole  (M.H.)  22,  and  run  lines  from 
there  overhead  to  dead  end  at  the  rear  of  build- 
ing 126*  Figure  2-7C  shows  that  lines  are  to  be 
ruiv  underground  from  M*H*  22  to  the  first  pole, 
up  the  pole  to  conductors  on  the  pole  crossarms* 
At  building  126,  lines  are  to  be  carried  down  the 
pole,  regathered  through  a  pothead  into  conduit 
again,  and  run  underground  to  a  concrete  slab* 
and  out  through  another  pothead  to  a  transformer 
bank*  Where  do  you  get  this  information?.  Re- 
fer to  figure  2-8* 

Figure  2-8  shows  the  detail  B  indicated  in 
figure  2-7A.  This  represents  the  installation 
behind  building  126,  where  the  overhead  line 
terminates*  The  last  pole  in  the  system  is 
shown  in  the  lower  left  corner:  From  the  pole 
to  the  transformer  bank,  the  underground  con- 


PICTORIAL 

73.269 

Figure  2-4.— Variety  of  diagrams. 


single-phase  motor  in  a  motor  pool,  both  de- 
signed to  operate  on  110  volts,  and  to  a  three- 
phase  motor  designed  to  .  operate  on  220  volts* 
The  220-voit  three-phase  motor  is  connected 
directly  to  the  220 -volt  three-phase  primary 
main*   For  the  lighting  system  and  110-voit 


duit  is  indicated  by  dotted  lines,  The  conduit 
runs  underground  to  the  concrete  slab  on  which 
the  transformers  rest*  Section  A-A  gives 
construction  details  of  this  slab. 

The  angle-iron  sumbois  in  figure  2-8,  with 
the  dimensions  3"  x  3",  indicate  that  .the  BUS 
(connecting  conductor)  running  along  the  trans- . 
former  primaries  will  be  supported  on  posts 
made  of  3"  x  3"  angles.  .From  the  transformer 
secondaries*  underground  conduits  (indicated  by 
dotted  lines)  will  run  to  the  junction  box  on 
building  126. 

Pay  attention  to  the  various  notes  and  details 
indicated  in  drawings*  Your  life,  and  the  lives 
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cf  your  shipmates  and  equipment  may  depend 
on  the  care  you  fake  when  reading  and  inter- 
preting drawings;  - 

INTERIOR  WIRING  * 

Figure  2-9  shows  an  electrical  layout  super- 
imposed  on  an  outline  taken  from  an  architec- 
tural floor  plan.  The  service  line  bringing  power 
into  the  house  is  "a  3-wire  line  in  1  1/4-in. 


conduit.  However,  theiact  that  the  line  voltage 
is  120/240  indicates  that  these  three  wires 
must  be  two  hotwires  and  a  neutral  wire  from 
a  4-wire  system.  The  third  hot  wire  is  not 
brought  into  the  house* 

The  service  line  runs  by  way  of  a  service 
switch  to  a  lighting  panel,  from  which  three 
BRANCH  CIRCUITS  run  to  the  lighting  fixtures 
and  convenience  outlets  in  the  rooms.  The 
character  of  these  fixtures  and  outlets,  and  of 


Figure  2-5.-Three-wire  distribution  system,  pictorial  view. 
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the  service  switch  and  the  lighting  panel,  is 
shown  under  "symbols/* 

Figure  2-iO  is  a  wiring  diagram  showing  the 
connections  for  the  layout  shown  in  figure  2-9* 
After  entering  the  building,  the, two  hot  wires 
(black)  in  the  service  lead  are  connected  to  and 
fused  at  the  service  switch,  while  the  neutral 
.wire  bypasses  the  switch  and  runs  to  the  NEU- 
TRAL BAR  in  the  panel  board,  with  a  branch 
off  to  a  waterpipe  ground*  Beyond  the  service 
switch,  the  two  hot  wires  run  to  vertical  LIVE 
BARS  in  the  panel  board* 


The  panel  board  is  equipped  to  handle  6  cir- 
cuits, with  only  three  shown  in  the  diagram* 
Consider  branch  circuit  4*  This  contains  two 
wires,  a  hot  wire  running  out  from  the  live  bar 
in  the  panel  board*  and  a  neutral  (white)  wire 
running  back  to  the  neutral  bar  in  the  panel 
board*  This  circuit  contains  only  a  single  switch, 
which  turns  all  the  lights  in  the  circuit  on  or 
off  simultaneously,  but  has  no  effect  on  the  flow 
of  power  to  the  convenience  outlets* 

Circuit  #2  similarly  contains  a  hot  wire  out 
from  the  panelboard  and  a  neutral  wire  back* 
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t — POKER  COMPARTMENT 

//    •     \  \   r*ExtsriNG  oucts 

/A  t-Z'VuSTXHQ  STEEL  CONOUtT 
/•'        TO  BLOC  02  ABOVE  OOCT 


HEAD  CUY-3/B*  STEEL  CABLE* 
STRAIN  INSULATORS- B*  SCREW 
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(TYPICAL*  WITH  ACTIONAL 
GUYS  A$  NEEOEO) 
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GENERAL  NOTES - 

>  -  TREES  OBSTRUCTING  POLE  UHi  70  BE  TRIMMEO  OA  REMOVEO  A$  OlRECTEO 

BY  CONSTRUCTION  O^ICW.  -  ,        — '  ~~ 

S-MOVIOC  UGHTWNG  ARRESTERS.  AT  EACH  ENO  Of  POLE  LINE.  ON  ALL  THREE 

OVfRMCAO  m*tS  OROUNO  LIGHTNING  ARRESTERS  WITH  SUITABLE  8 ARC  WIRE 
•CONNECTED  TO  DRIVEN  GROUNO  ROO 

3-  INSULATORS  TO  t€  PORCELAIN.  PIN  TYPE,  INSUUTOR  PINS  TO  BE  LOCUST 
 W000- OR-  EQUAL"   ,~    "    -  " 

4-  TERMINAL.  POLES.  ANO  POUS  AT  P»NT  Of  CHANCE  IN  LINE  DIRECTION,  TO  HAVE 
OOUfU  CftOSS*ARMS>  ALL  OTh£R  POLES.  SINGLE  CROSS-ARM,  CROSS-ARMS  TO 
BE  STANOARO  4  PIN,  S-T'i  3  VI"  ■  4  W.  PIN  SPACING  3-tf  ON  CENTERS  ANO 

 -M  UtZ  ON  SIDES-  *  


GROUN?  LEVEL 
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Figure  2-7.-Plot  plan  with  electrical  layout, 
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general  notes,  detail  and  section  drawings. 
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Chapter  2—BLUE PRINTS,  DIAGRAMS,  AND  SCHEMATICS 


Information  which  they  furnish,  on  proper  instal- 
lation of  equipment  and  operating  procedures 
will  furnish  satisfactory  answers  to  many  ins  tal- 

,  lation  problems. 

These  standard  drawings  prepared  by  Nav- 
Fac  can  save  a  surprising  amount  of  time  in  the 
erection  of  a  number  of  similar  structures,  and 
in  wiring  them  for  heating  and  lighting*  For  ex- 
ample, if  a  series  of  quonsets  are  to  be  erected, 
use  of  a  standard  plan  enables  the  man  in  charge 
to  put  the  various  tasks  on  an  assembly-line 
basis,  and  makes  it  possible  to  erect  an  entire 
quonset  town  in  less  time  than  it  would  to  build 
an  ordinary  house. 

However,  a  single  master  plan  cannot  be  used 

•  for  all  buildings.  Changes  are  often  necessary 
because  of  the  use  of  the  building  and  the  type 
of  machinery  to  be  installed.  Where  shops  are 
being  erected,  there  wiUprobablyJbe  at  least  one 
standard  drawing  for  each  type  of  shop. 

Whatever  the  number  or  type  of  drawings 
available,  they  must  furnish  the  Construction 
Electrician  with  the  following  Information;  lay- 
out and.  space  arrangement;  necessar^machin=^ 

erence  drawings;  and  notations  about  changes 
made  in  standard  drawings  to  fit  particular 
buildings, 


INOPERATIVE  STATION 


LINE 
CIRCUIT 
NO.  I 


CALLING  STATION 


CONCLUSION- 


Your  ability  to  read  and  interpret  intelligently 
the  Variety  of  plans,  schematics,  and  diagrams 
-described  in  this  chapter  should  also  enable  you 
to  work  more  safely  and  efficiently  on  any  part 
of  any  electrical  system,  and  improve  your  pro- 
motion possibilities. 
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Figure  2-11,-Line  circuit  portion  of 
switchboard.  * 
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Figure  2^^2.— Range  wiring  diagrams. 
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p*  BUCK  Lt\fc$  TO  TIMER -"i 
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Figure  2-13.-Representatlve  wiring  diagrams  for  range  timer  connections. 
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Figure  2-14.— Representative  diagram  of 
eiectric-range  single-pole  oven  timer. 
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CHAPTER  3 

SAFETY 


All  electrical  systems  are  potential  KILLERS. 
All  personnel  should  be  aware  of  their  potential 
dangers.  CEs  especially  should  have  complete, 
knowledge  of  the  inherent  and  man-made  elec- 
trical hazards  because  they  WORK  on  electrical 
equipment  or  systems.  But  safety  applies  to 
more  than  electrical  equipment  or  systems.  - 
The  entire  construction  field  requires  con- 
stant alertness  to  a  variety  of  hazards  which 
are  always  present* 

In  this  chapter,  we  will  examine  some  of 
thesfc  hazards  and  basic  safety  precautions,  re- 
membering that  many  of  the  rules  and  regula- 
tions instituted  over  the  years  are  direct  re- 
sults of  attempts  to  reduce  accidents,  pain,  and 
anguish*  Remember,  many  men  learned  some 
of  these  rules  the  hard  way.  . 

Your  adherence  to  these  basic  safety  prac- 
tices will  minimize  danger  to  life  and  equip- 
ment Furthermore,  your  knowledge  of  first-aid, 
and  your  ability  to  use  it  correctly,  may  save 
someone's  life  in  an  emergency.  FOR  YtDUR 
OWN  BENEFIT,  LEARN  THIS  LESSON  WELL! 

ELECTRICAL  SHOCK  CAUSES 
^AND  CONSEQUENCES 

Most  fatal  electric  shocks  do  not  happen  to 
the.  uninitiated— they  happen  to  people  who  should 
know  better.  As  a  Construction  Electrician, 
carelessness  in  your  work  can  sentence  you*  to 
death  by  electrocution.  Familiarity  with  the 
equipment  tends  to  make  you  forget  the  little 
precautions  taught  in  trade  school. 

After  an  accident,  particularly  a  fatal*  one, 
safety  rules  are  restre'ssedfor  the  benefit  of  all 

■  hands*  Unfortunately  it  is  impossible  to  bring 
the  dead  bacic  to  life  or  change*  the  results  of  the 

^accident;  that  is  why  it  is  necessary,  even  at 
the  risk  of  monotony,  to  constantly  stress  or 
even  *preach  SAFETY.  It  may  make  you  think 
twice  before  taking  that  last  chancer 

'  Most  of  us  are  apt  to  remember  only  the  most 
important  safety  precautions,  but  how  many  of 
us  stop  to  think  of  the  small  details  that  really 
INSURE  safety?  Also,  how  many  of  us  realize 
it  is  the  current,  not  the  voltage,  that  is  lethal? 


.Although  the  sign  "Caution-High  Voltage" 
serves  as  a  reminder  to  keep  hands  off,  don't, 
forget  that  an  electric  shock  from  10,000  volts  is 
no  more  deadly  than  ^  shock  from  ordinary  115- 
volt  "house"  current.  Industrial  equipment  us- 
ing.as  little  as  42  volts  of  direct  current  has 
been  fatal  (30  volts  a.c.  is  considered  hazardous). 
CURRENT,  NOT  VOLTAGE,  IS  THE  LETHAL 
AGENT, . 

The  seriousness  ofaH  electric  shock  depends 
upon*  the  magnitude  of.  the  current  flow  in  the 
victim.  Current  flow  .in  turn  depends  upon  the 
electrical  resistance  of  the  circuit  path  through 
the  -victim's  body.  This  can  vary  considerably 
depending  upen  the'degree  of  contact  and  the 
skin  resistance  at  the  time  of  contact.  * 

We  are  all  aware  of  the  presence  of  moist  skin: 
caused  by  perspiration. on  a  hot  day,  but  few  of 
us  think  about  the  sudden  moistening  of  th<»  skin, 
when  we  are  frightened  or  startled.  The  unex- 
pected discharge  of  a  capacitor  or  the  inadvertent 
shorting  of  a  voltage  point  when  troubleshooting 
often  will  startle  the  technician,  make  him  jump, 
and  at  the  same  time  bring  on  a  momentary 
"cold  sweat."  Such  reactions  are  not  uncommon 
and  obviously  they  set  up  a  shocking  situation 
(no*  pun  intended). 

Although  this  may  be  considered  an  extreme 
case,  it  does  illustrate  how  an  individual's  re- 
sistance can  vary,  considerably  from  minute  to 
minute  depending  upon  his  emotional  state  at  the 
instant  of  contact.  Skin  resistances  of  a  few 
hundred  ohms  when  wet  to  well  over  500,000 
ohms  when  dry  have  been  measured,  so  be  care- 
ful—take  every  safety  precaution  possibly— it 
may  save  your  life. 

Figure  3-1  illustrates  what  a  person  may  ex- 
pect when  he  is  subjected  to  increasing  (current) 
electric  shock.  His  first  reaction  occurs  when 
the  current  is  onl/  2-  or  3-milliamps.  At  10 
milliamps,  the  shockjsjio  longer  a  mUd  tingling  _ 
sensation~burbecdmes  painful*  As  the  current 
flow  increases  beyond  20  milliamps,  muscular 
paralysis  begins.and  the  victim  cannot  release 
the  contact.  In  the  range  from  50  to  100  milli- 
amps. -breathing  becomes  difficult— in  feet  it 
often  stops.    Between  100  and  200  milliamps. 
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CHAPTER  4 

TEST  EQUIPMENT 


As  a  Construction  Electrician,  you  will  be 
required  to  place  new  electrical  equipment  into 
operation,  repair  defective  equipment,,  and  per- 
form routine  preventive  maintenance.  To  help 
you  accomplish  these  jobs  efficiently,  many  test 
equipments  are  available.  Some  of  these  may 
appear  to  hp  complex.  When  analyzed,  however, 
their  theories  and  techniques  of  operation  may 
be  reduced  to  simple  basic  circuits  and  pro- 
cedures* 

This  chapter  will  describe  test  procedures 
and  equipments  used  for  investigating  a  variety 
of  difficulties*  You  will  be  able  to  repair  vital 

'  equipment  expeditiously  and  safely  when  you 
follow  correct  test  procedures  and  instructions 
as  you  use  the  instruments* 

The  purpose  of  these  instruments  is  to  test 
and  measure  accurately  certain  circuit  values 
or  to  determine  the  operating  condition  of  the 
electrica)  circuits*  Their  accuracy  depends  on 
their  design,  and  how  the  instruments  are 

-treated. 

The  operating  energies  involved  in  electrical 
measuring  instruments  are  extremely  small* 
The  instruments  themselves  are  necessarily 
of  delicate  construction  and  special  precautions 
in  handling  and  use  to  obtain  accurate  results 
and  to  avoid  injury  by  mechanical  shock,  ex- 
posure to  strong  magnetic  fields,  and  excessive 
flow  are  necessary.  One  of  your  major  respon- 
sibilities is  to  take  care  of  any  instruments  as- 
signed to  you.  Instructions  and  wiring  diagrams 
are  furnished  with  instruments.  Such  instruc- 
tions are  either  attached  to  the  instrument  case 
or  cover,  or  are  given  in  separate  instruction 
books.  These  should  be  consulted  freely  fbr 
specific  instructions  ?nd  precautions. 

Among,  the,  newer  types  of  test  equipment 
presently  being  distributed  to  the  battalions 
and  shore  stations  are  the  MS-1A  Multi-Amp 
relay  and  circuit  breaker  tester,  and  the  Servi- 
var  electrical  test  set.  You  undoubtedly  recog- 
nize the  importance  of  becoming  familiar  with 
any  test  equipment  capable  of  performing  special 
tests.  Knowiedg^rf^jeinsto — 
able  you  to  place  equipment  into  operation  quickly 
and  safely. 


POWER  TEST  EQUIPMENT 

While  some  test  equipment  is  specifically 
designed  to  either  electrical  power  or  communi- 
cation equipment  much  test  equipment  can  be 
used  for  both.  Therefore,  description  of  the 
instruments  discussed  under  this  heading  do  not 
necessarily  imply  that  the  equipment  cannot  be 
used  in  the  communication  field.  _ 

BASIC  MEASURING 
INSTRUMENT  PRECAUTIONS 

As  a  Construction  Electrician  Third  or  Sec- 
ond Class,  you  must  know  about  the  types  and 
functions  of  ammeters,  voltmeters,  and  ohm- 
meters.  Information  regarding  these  basic 
measuring  devices  may  be  found  in  Basic  Elec- 
,  tricity,  NavPers  10086-B. 

When  using  measuring  instruments  certain 
precautions  must  be  observed.  For  example,  it 
is  especially  important  to  be  careful  in  using 
an  ammeter  because  of  its  low  internal  resist- 
ance. B  mistakenly  placed  across  a  voltage 
source,  the  meter  can  be  damaged.  Always 
break  the  circuit  and  CONNECT  AN  AMMETER 
IN  SERIES,  with  one  meter!  lead  going  to  each 
point  of  the  circuit  break  to  measure  an  un- 
known quantity.  Be  sure  to  deenergize  the  cir- 
cuit before  making  or  breaking  the  connections. 

Whep  using  either  ammeters  or  voltmeters, 
ALWAYS  start  at  the  HIGHEST  meter  range* 
Then  dropdown  to  aldwer  scale  range  if  neces- 
sary. This  practice  protects  the  meter  from 
injury  if  an*atteraptis  made  to  read  a  high  value 
in  a  low  range.  Damage  to  instruments  can 
also  be  minimized  if  you  form  the  habit  of  plac- 
ing the  Tange  selector  switch  in  the  highest 
range  position  after  you  have  finished  using  the  * 
instrument. 

OBSERVE  POLARITY  on  all  direct  current 
measurements*  Take  care  to  connect  the  posi- 
tive terminal  of  the  source  to  the  positive  termi- 
naHrf  the  meter*  and  the  negative  terminal  of 
the  source  to  th^t  negative  terminal  of  the  meter. 
This  ensures  that  the  meter  polarity  matches 
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the  polarity  of  the  circuit  in  wnich  the  meter  is 
placed. 

Be  careful  to  avoid  dropping  a  itieter  or  sub- 
jecting it  to  excessive  mechanical  shock.  >Such 
treatment  may  damage  the  delicate  mechanism 
;or  cause  the  permanent  magnet  to  lose  some  of 
lis  magnetism. 

Care  must  be  taken  to  avoid  connecting. the 
ohmmeter  across  circuits  in  which  a  voltage 
exists,  since  csuch  connection  can  result  in 
damage  to  the  instrument. '  TO  ENSURE  THE 
REMOVAL  OF  ALLVOLTAGE  TO  THE^EQUIP- 
MENT  UNDER  TEST,  DISCONNECT  THE 
SOURCE  OP  INPUT  VOLTA6E  BY  REMOV- 
ING THE  POWER  PLUG/  Furthermore,  ALL 
CAPACITORS  MUST  BE  DISCHARGED  before 
the  ohmmeter  prods  are  connected  in  the  cir- 
cuit. Charges  -remaining  on  capacitors  after 
the  applied  voltage  has  been  removed  can  dam- 
age, the  instrument  severely,  • 

Always  turn  ohmmeter s  OFF  when  finished. 
This  will  avoid  discharge  of  the  internal  battery 
if  the  test  leads  are  shorted  inadvertently. 

It  is  important  that  you  remember-  to  USE  A 
LOW  VOLTAGE  MEGGER  TO  TEST  LOW 
VOLTAGE  INSULATION.  Application  of  high 
voltage  may  initiate  insulation  breakdown*  LOW 
VOLTAGE  MEGGERS  should  not  be  U3e  1  to  test 
high  voltage .  insulation  because  an  inaccurate 
reading  may  result  from  the  comparatively 
small  output  voltages  availablefromthis  instru- 
ment. Be  careful,  whether'  using  high  or  low 
range'  meggers.  Dangerous  voltages  exist  at 
meter  terminals  and  leads. 

VIBROTEST  MEGOHMMETER 

Figure  4-1  shows  the  Vibrotest  Megohm- 
meter.  It  is  used  as  an  insulation  measuring 
instrument  primarily,  but  can  also  be  used  as 
an  a.c.  and  d.c.  voltmeter.  It  is  a  multipurpose^ 
instrument  that  does  not  require  cranking.  A4 
vibrator  and  transformer  develop  the  voltages 
required  for  insulation  measurements.  Special 
circuitry  reduces  surface  leakage  interference 
for  more  accuracy. 

Records  kept  of  "the  various  insulation  read- 
ings taken  at  the  appropriate  intervals  will  help 
you  spot  potential  insulation  breakdowns  before 
consequent  damage  to  equipment  or  personnel 
occurs. 

CAUTION:  It  is  imperative  to  remember  that 
a  high  voltage  exists  across  the  terminals  when 
testing  in  the  megohm  ranges. 


,    m  1.55(26D)  " 

Figure  ^-1.— Vibrotest  megohmmeter. 

The  f  ollowingdiagrams  and  brief  descriptions 
will  show  you  how  to  determine  insulation  re- 
sistance in  a  variety  of  electrical  apparatus, 
BE  SURE  YOUR  EQUIPMENT  OR  WIRING  IS 

DEENERGIZED.  .  * 

-  f 

t  *» 
Cable  Insulation  Checks 

Where  you  have  ian  ungrounded  distribution 
panel,  you  can  check  insulation  of  the  whole  wir- 
ing system  to  ground  by  attaching  one  test  lead 
to  the  deadjpost  of  the  open  main  power  switch 
and  the  other  lead  Tto  a  grounch(f ig.  4-2). 

Individual  circuits  are  tested  to  ground  by 
opening  distribution  panel  switches  or  fuses  and 
testing  each  circuit  in  turn  (fig.  4-2,  broken 
lead). 

Multi-conductor  cables  may  be  tested  in  any 
of  the  ways  shown  in  fifire  4-3.  The  drawing 
depicts  the  measurement  of  insulation  resistance 
between  wire  (3)  and  lead  sheath  (5).  Various 
other  measurements  can  be  made  such  as  wire 
to  ground  (1,  2  and/or  3  to  6), wire  to  wire  (1,  2 
or  3  to  any  combination  of  each  other),  wire  to 
braid  (1,  2,  or  3  to  ,4),  wire  to  sheath  (1,  2  and/ 
or  3  to  5).  ' 

It  is  well  to*  remember; .that  when  you  test 
wiring  which  is  connected  to  any  panel  or  equip- 
ment, there  may  be  appreciable  leakage  between 
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Figure  4-2, -Testing  a  distribution  panel  and 
^      its  individual  circuits. 

terminals  which  will  show  up  in  your  tests  as 
lowered  insulation  resistance.  S  your  original 
record  cards  were  made  with  panels  connected, 
continue  future  tests  in  the  same  manner. 

Checking  Motors  and  Generators 

As  you  know,  the  bases,  frames  and  enclos- 
ures of  electrical  equipment  must  be  grounded. 
The  megohmmeter  is  used  to  verify  that  the 
windings  associated  with  the  variops  component* 
of  motors  and  generators  aren't  grounded  and 
are  properly  insulated  (figs.  4-4  and  4-5). 


73.279X 

Figure  4-4.-Testing  direct  current  motors 
-  .and  generators. 

Before  you  make  any  tests,  BE  SURE  TO  DIS- 
CONNECT THE  MOTOR  OR  GENERATOR 
FROM  THE  LOAD*nd  SOURCE. 

Circuit  Breaker  and  Switch 
Insulation  Tests 

Figure  4-6*  depicts  the  measurement  of  in- 
sulation resistance  between  either  circuit 
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Figure  4-3. -Testing  multiple  conductor  cables.      Figure  4-5.-Testingalternating  current  motors. 
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Figure  4- 6. -Checking  circuit  breaker 
•  insulation  resistance. 


breaker  terminal  to  ground.  This  measurement  - 
should  also  be  made  between  terminals.  S  your 
breakers  are  of  the  oil  type,  dirty  oil  may  be 
causii^  leakage  currents  through  the  breaker 
even  when  it  is  open.  Dirt  or  grease  in  the 
mounting  may  be  causing  leakage  in  the  dry 
type.  *  Switches  and  circuit  breakers  must  be 
COMPLETELY  disconnected  from  line  and  re- 
Jay  wiring  before  testing.  * 

Insulators 

Insulators,  the  "forgotten  man"  of  electrical 
systems,  are  subject  to  several  ills  that  can 
make  them  a  potential  hazard  unless  they  are 
periodically  tested.  Breakage  is  probably  the 
first  hazard  with  Insulators,  Casually  accumu- 
lated <tort,  grease,  or  liquids  is  another.  Rarely, 
faulty  construction  makes  a  brand  new  insulator 
a  source  of  danger. '  To  test  insulators,  connect 
test  leads  to  each  end;  then' test  each  end  to 
ground  (fig.  4-7,  left  half). 

Capacitors 

You  can  use  this  instrument  to  check  both  in- 
sulation resistance  and  approximate  capacitance 
of  capacitors.  When  you  connect  leads  to  capaci- 
tor terminals,  observe.poiarity  Carefully.  Time 
your  test  until  meter  pointer  stops  moving  up- 
ward, then  record  insulation  resistance  at  highr 
est  reading.  Dividing  test  lime,  in  seconds,  by 
IS  will  give  you  the  approximate  capacitance, 
in  microfarads,  of  the  capacitor.  If  one  pointer 
has  a  tendency  to  waver  toward  the  hif  h  read- 
ing, then  drop  back  down  the  scale.  The  capacitor 


may  be  leaking,  and  further  testing  is  indicated. 
Be  especially  careful  to  RELEASE  PUSH- 
BUTTON before  starting  to  disconnect  test  leads 
'  from  capacitors.  K  you  do  not  give  the  Vibro- 
test  discharge  resistor  an  opportunity  to  dissi- 
pate the  stored  potential  in  the  capacitor,  you 
may  get  a  severe  shock.  ". 

5 

Transformers 

Deenergize  equipment.  Disconnect  the  leads 
from  both  primary  and  secondary  windings. 
Tests  can  be.  made  of  either  the  primary  or 
secondary  winding  individually  by  connection  of 
the  negative  lead  to  an  associated  ground  (case, 
iqetal  mounting,  or  man-made  ground),  and. the 
lead  from  the  winding  under  test  to  the  positive 
-  lead.  Following  tests  of  each  winding,  it  is  a 
-good  idea  to  test  insulation  resistance  between 
the  windings  themselves.  Connect  one  test'  lead 
to  the  primary  (either  lead);  and  the  second  test 
lead  to  the  secondary  .  All  of  these  tests,  under 
proper  identifying  labels,  should  be  recorded  on 
a  record  card. 

H  you  have,  transformers  .with  multiple* 
voltage  windings,  the  procedures. above  should 
be  followed  to  test  all  windings  tqfferound,  and 
each  winding's  resistance  value  to  every  other 
winding. 

Tests' should  be  made  during  clear,  dry 
weather.  The  temperature  and  relative  humidity 
of  the  air  and  general  atmospheric  conditions 
should  be  recorded  at  the  time  tests  are  being 
,  made,  if  known.  Test  records  should  be.  kept 
since  they  show  when  trouble  is  developing  as 
a  result  of  gradual  or  sudden  deterioration  of 
the  insulation  or  because  of  local  leakage.  For 
example,  a  40- megohm  reading  on  the  primary 
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Figure  4-7.-Testing  insulators  and  switches. 
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winding  at  a  transformer  that  has  been  testing 
about  500  megohm*  indicates  trouble  that  should 
be  remedied*  Loir  resistance  values  may  re- 
— quire  oil  samples  to  be  taken  from  the  trans- 
former to  determine  whether  or  not  the  low 
values  may  be  due  to  deterioration  of  the  oil. 

_:  /• 
PORTABLE  OIL- TESTER 

Let's  assume  that  your  chief  asks  you  to  ver- 
ify the  condition  of  the  oil  in  the  transformer* 
How  will  you  accomplish  this  task?  , 

Figure  4-8  shows  a  representative  oil  tester. 
Adjustments  of  the  air-gap  in  the  oil-testing 
receptacle  are  made  according  to  the  specifica- 
.  tione  in  the  instruction  manual.  Tour  sample 
oil  is  then  added  to  the  porcelain  receptacle  and 
covered  by  the  hinged  safety  guard.  For  a  more 
accurate  reading,  wait  until  air  bubbles  farmed 

.  when  pouring  oil  disappear.  The  instrument  is 
then  plugged  into  a  power  source  and  increasing 
voltage  applied  ootU  breakdown  occurs  via  the 
preset  air-gap.  Careful  notation  cf  the  volt- 
meter indication  at  the  time  cf  breakdown  is 
made.  Three  readings  should  be  obtained.  H 
tfcrresBttaat  breakdown  average  is  below  22,000 
volts,  replacement  of  the  oil  is  indicated.  Nor- 
mally, insulation  breakdown  of  the  oil  beyood 

,22,000 volts  is  satisfactory,  but  breakdown  above 
26,000  volts  is  preferred. 


POWER  CIRCUIT  ANALYZER 

A  power  circuit  or  industrial  analyzer  (fig. 
4-9)  is  designed  for  alternating  current  only  and 
should  not  be  used  on  direct  current 
,  me  analyzer  consists  of  a  voltmeter,  am- 
meter, wattmeter,  power  factor  meter,  two  cur- 
rent transformers,  and.  the  necessary  switches 
enclosed  in  one  case  to  facilitate  the  testing  of 
three-phase,  3-wire  loads. 

Although  the  analyzer  has  been  designed 
primarily  for  three-phase,  3-wire  loads,  it 
can  be  used  for  measurements  on  single-phase 
and  polyphase  circuits. 

When  testing  ether  than  a  balanced  three-  ' 
phase,  3-wire  load,  the  indications  of  the  power 
factor  meter  should  be  disregarded. 

Before  connecting  the  analyzer,  it  is  advis- 
able to  set  the  voltage  rahge  changing  switch 
to  the  600  volt  range  unless  the  voltage  to  be 
measured  is  definitely  known  to  be  suitable  for 
a  lower  range: 
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figure  4-8.-35,000  volt  portable  oil  tester. 


One  ampere  flowing  through  the  meter  move- 
ment will  provide  full-scale  deflection.  Larger 
currents  being  measured  must  be  reduced  by 
appropriate  use  of  the  current  transformers  or 
additional  shunts  as  required. 
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Figure  4-9.-A.C.  power  circuit  analyzer. 


Connecting  Analyzer  to  Circuits 

All  cables  used  for  connections'  to  source  or 
load  should  be  of  sufficient  size  to  carry  the 
currents  involved  and  connected  securely  to  the 
binding  posts  and  the  circuit  terminals.  Refer 
to  Table  310*13  (NEC)  for  information  regard- 
ing the  allowable  ampacities  of  insulated  copper 
conductors,  for  more  data  pertaining  to  cables. 

BE  SURE  TQ  USE  THE  APPROPRIATE 
CORRECTION  FACTOR  (bottom  of  Table  310- 
'  13)  wherever  the  ambient  temperature  exceeds 
86°  F,  For  example,  if  you  plan  to  use  THW 
conductor,  .and  the  ambient  temperature  at  your 
station  is  113°  F.,  recognize  that  the  current 
carrying  capacity  of  the  size  of  wire  you  intend 
to  use  will  be  reduced  18  percent  and  be 


equivalent  to 
310-13. 


82  percent  of  that  listed  in  Table 


The  most  convenient  place  to  make  connec- 
tions is  at  the  fuse  block, by  using  dummy  fuses 
withcables  attached  (fig.  4-10).  The  cables  con- 
nected to  these  dummy  fuses  may  be  connected 
to  the  analyzer."*  When  an  interruption  to  serv- 
ice will  be  convenient,  it  is  only  necessary  to 
remove  the  good  fuses  from  the  cutout  and  insert 
the  dummy  fuses  with  cables  attached.  CAU- 
TION: Disconnect  the  circuit  by  opening  the 
main  line  switch  before  removing  fuses  and  in- 
serting dummy  fuses.  This  may  be  done  very 
quickly.  This  method  is  only  a  suggestion  and 
may  not  always  be  practical.  When  using  this 
method  be  certain  that  the  circuit  is  protected 
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Figure  4-10. -Various  type*  of  f;dummy,f  fuses. 

by  other  fuses  or  circuit  breakers  as  these 
dummy  fuses  remove  the  protection  at  that  point 

Testing  Single- Phase  Loads 

The  diagrams  of  connections'  shown  in  fig- 
ures 4-U,  4-12,  and  4-13  may  be  used  for  2- 
wire  circuits. 

Note  in  the  figures  mentioned. above  that  a 
connection  is  made  on  the  analyzer  from  the  C 
to  the  A  phase,  to  get  as  .great  a  deflection  of 
the  wattmeter  movement  as  possible. 


For  single-phase,  3 -wire  circuits,  the  con- 
nections are  the  same  as thfe three-phase, 3 -wire 
connections.  .   

Three-Phase  3-Wire  Loads 

Figure  4-14  and  4-15  show  the  connections 
necessary  for  all  three-phase,  3-wire  testing. 
The  readings  of  the  wattmeter  are  correct  re- 
gardless of  unbalance  or  power  factor  of  the 
load.  The  readings  of  the  power  factor  meter 
are  correct  for  any  current  down  to  1/5  of  the 
full  scale  value. 

Three-Phase  4 -Wire  Loads 

As  mentioned  earlier,  the  analyzer  was  de- 
signed primarily  for  three-phase,  3-wire  loads; 
therefore,  when  three-phase,  4-wire  loads  are 
to  be  analyzed  certain  limitations  are  to  be 
expected. 

1.  The  power  factor  meter  readings  on 
three-phase  4-wire  loads  should  be  disregarded. 

2.  The  voltmeter  readings  will  be  ,fltne-to- 
^  neutral'!,  and  "llne-to-llne".  voltages  depending 

upon  position  of  voltage-selector  switch. 

3.  External  current  transformers  must  AL- 
WAYS be  used.  (See  fig.  4-16.) 

H  the  three-phase,  4-wire  load  Is  balanced, 
with  no  current  In  the  neutral  wire,  it  may  be 
treated  as  outlined  for  a  three-phase  3-wire 
load  and  the  above  limitations  should  be  disre- 
garded. 

Regardless  of  the  balance,  each  phase  may 
be  treated  as  a  single-phase  load  arid  tested 
accordingly;  External  current  transformers 
should  have  the  same  ranges  as  the  transform- 
ers contained  in  the  analyzer,  that  is,  125,  25, 
or  5  amperes. 

Instrument  Readings,  Cor-         •  - 
rections,  and  Connections 

The  readings  of.the  voltmeter  (fig.  4-9),  us- 
ing proper  range  and  scale,  represent  the 
following: 

With  switch  at  AB,  the  voltage  from  line  A 
to  line.  B. 

With  switch  at  BC,  the  voltage  from  line  B 
to  line  C. 

With  switch  at  AC,  the  voltage  from  line  A 
to  line  C. 

The  wattmeter  readings  must  be  corrected  by 
the  multiplying  factors  found  on  the  wattmeter 
scale. 
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SOURCE 


0 


PHASE  A - 


y       PHASES  V- 


PHASE  C  * 


si 


LOAO 


5AMPS  25AMPS  I25AMPS     125-2?$AMPS      125  AMPS  25 AMPS  SAMPS  PHASE  A         PHASES  PHASEC 


0 


k  SINGLE  PHASE,  2  WIRE  CIRCUIT,  BOTH  ELEMENTS  OF  WATTMETER  IN  SERIES.  RE  AO  VOLTAGE  AB,  CURRENT  A,  APPLY  THE  WATTMETER  MULTIPLIER  AS 
FOUNO  ON  THE  WATTMETER  SCALE  AND  THEN  DIVIDE  BY  2.  0ISREGAR0  THE  POWER  FACTOR  INDICATION. 


SOURCE 


LOAD. 


SAMPS  25  AMP$  I25AMPS     )25-2?SaM<»$     125  AMPS  25  AMPS  5  AMPS  PHASE  A         PHASEjB         PHASE  C 


PHASE  A* 


PHASES 


PHASE  C  - 


0 


y — ^fp — >?i  fp3"^  \y — 

B    USING  A  SINGLE  CURRENT  TRANSFORMER  AND  WITH  TWO  CURRENT  ELEMENTS  IN  SERIES,  READ  VOLTAGE  AB  ANO  CURRENT  A  USING  5  AMPERE  SCALE 

AND  APPLYING  TRANSFORMER  MULTIPLIER.  01  VIDE  KILOWATT  READING  ON  5  AMPERE  AND  CORHESPONDING  VOLTAGE  SCALE  BY  t  THEN  APPLY 
_     TRANSFORMER  MULTIPLIER.  0ISREGAR0  POWER  FACTOR  INOICATK5N, 

26.32X 


Figure  4-ll.-Single-phase,  2-wire  £&fcuit  connections. 
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MAO  VOtTASE  At  USWC  150  VOLT  RANGE  AND  SCALE,  MULTIPLY  BY  POTENTIAL 
TIAftOTDMIE*  RATIO;  CURRENT  A  USRC  S  AMPERE  SCALE  ANO  APPLYING  CURRENT 
TRANSFORMER  RATIO.  READ  KILOWATTS  ON  SCALE  CORRESPONDING  TO  5  AMPERES 
ANO  ISO  VOLTS  THEN  BVIOE  BY  2  ANO  MULTIPLY  8Y  CURRENT  ANO  POTENTIAL 
TRANSFORMER  RATMS. 


26-33X 

Figure. 4-12. -Single-phase,  2-wire  circuit 
using  a  current  transformer  and  a  potential 
transformer* 

When  external  potential  transformers,  are 
^sed,  as  shown  in  figure  4-17  or  4-18,  the 
readings  of  the  voltmeter  and  wattmeter  should 
be  multiplied  by  the  potential  transformer  ratio 
in  addition  to  the  above. 

When  currents  to  be  measured  are  beyond  the 
range  of  the  internal  current  transformers,  the 
connections  shown  infigure 4-19  should  bet  used. 

The  wattmeter  readings  must  then  be  cor- 
rected by  the  multiplying  factors  found  on  the 
wattmeter  scale  and  the  external  current  and 
potential  transformer  ratios* 

Potential  connections  from  lines  A  and  C 
are  connected  to  the  disconnect  block  binding 
posts,  with  the  block  mounted  with  the  binding 
posts  up.  / 

WESTON  MODEL  639  INDUSTRIAL 
ANALYZER  TYPE  3 

The  Weston  Model  639  Industrial  Analyzer 
Type  3  can  be  used  to  measure  the  complete 


load  conditions  of  any  three-phase  four-wire 
system  when  used  with  proper  current  and  po- 
tential transformers*  Switches  permit  testing 
of  60-  or  400-hertz  power  circuits.  The  power 
factor  meter ,and  wattmeter  are  combined  into 
one  instrument  and  selection  is  made  by  another 
switch.  - 

Adapters 

Adapters  are  available  for  use  on  single- 
and  three-phase,  3 -wire  measurements  and  may 
expedite  testing  procedure.  These  adapters  in- 
clude: Model  9815  Type  1  Adapter  for  three- 
phase  3-wire  200/10P/50/5-ampere  operation; 
Model  9815  Type  2  Adapter  for  single-phase  2- 
wire  100-ampere  operation;  and  Model  9815 
Type  3  Adapter  for  single-phase  2-wire  50- 
ampere  operation. 


a 
< 
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READ  VOLTAGE  AB  USING  150  VOLT  SCALE  AND  RANGE,  MULTIPLY 
BY  TRANSFORMER  RATIO.  READ  KILOWATTS  ON  SCALE  * 
CORRESPONDING  TO  150  VOLTS  AND  CURRENT  RANGE  SELECTED 
DIVIDE  BY  2  AND  MULTIPLY  BY  THE  POTENTIAL  TRANSFORMER  * 
RATIO.  READ  CURRENT  A  USING  SCALE  CORRESPONDING 
TO  RANGE  SELECTED.  ■ 


26.34X 

Figure  4-13. —Single-phase,  2-wire  circuit  using 
a  potential  transformer  and  with  current 
elements  in  series. 
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Figure  4-14.-Three-phase,  3-wire  circuit  hookups. 
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Figure  4-16.-Three-phase,  4-wire  circuit 
having  identical  transformers. 


READ VOLTAGE  ACROSS  PHASE  AS  DESIRED.  USE  150  VOLT  RANGE  AND  APPLY 
POTENTIAL  TRANSFORMER  RATIO.  READ  AMMETER  IN  ANY  PHASE  DIRECT 
FOR  RANGE  SELECTED.  READ  WATTMETER  SCALE.  USE  MULTIPLYING  FACTOR 
COR  CURRENT  AND  POTENTIAL  RANGES  SELECTEO.  THEN  MULTIPLY  BY 
'OTPITIAL  TRANSFORMER  RATIO. 

,  26.36X 
Figure  4-15. -Three-phase,  3 -wire  circuit  with 
two  potential  transformers. 

Precautions 

You  should  remember  the  following  precau- 
tions when  using  the  analyzers. 

1.  Always  set  switches  to  the  proper  settings 
and  ranges  before  connecting  the  instrument. 

2.  Always  connect  the  load  leads  to  the  same 
current  on  all  three  phases  of  the  instrument 
and  to  a  high  enough  range  so  that  the  current 
indicated  witi.be  below  the  full  scale  deflection 
of  the  ammeter. 

3.  NEVER  USE  THESE  INSTRUMENTS 
FOR  D.C.  MEASUREMENTS. 


sop  o  o o  I  6  o  6 

□□□□ 


T40 POTENTIAL  TSWSroWERSHA^W  Hi  VOLT  SECONDARES, CONNECT:  rzy» 
\EU75Al  "0  USES  *A*  AND  "C"  TWO  CURRENT  TRANSfOFWERSOF  Stf'AytE  °A',3; 
HAV.NGS  AMPERE  SECCWARlEi 
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Figure  4-17.-Three-phase,  4-wire  circuit  with 
two  potential  transformers. 


51 


CONSTRUCTION  ELECTRICIAN  3  &  2 


MULTIAMP  TESTER  (M3-1A) 

'  In  a  later  chapter  you  will  learn  the  impor- 
tance of  maintaining  circuit  breakers,  relays, 
controllers  and  other  protective  devices  in 
proper  condition.  How  do  we  know  whether  or 
not  these  devices  will  perform  as  designed-to 
trip  at  rated  value  ? 

The  portable  device  described  here  has  as  its 
main  function  exactly  these  purposes-to  check 
protective  devices.  It' checks  most  types  of  pro* 
tective  relays  as  well  as  small  circuit  breakers, 
fuses,  and  insulation  resistance. 

The  instrument  test  relays  from  0.1  to  100 
amperes  and  circuit  breakers  up  to  100  ampere 
capacity,  measuring  accurately  the  time-current 
characteristics  of  these  devices  with  a  syn- 
chronous electronically  actuated  timer.  , 
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T«0  POTENTIAL  TRANSFORMERS  Of  SUITABLE  StfiGE  HAVING 
115  VOLT  SECONDARIES  CON  ECTEO  FRCftf  NEUTftAi,  TO  LINES 
•A'AHD*C\  THREE  CURRENT  TRANSFORMERS  OF  SUITABLE 
RANGE  HAVING  5  AMPERE  SECOND  A8IES.C0WIECT50 IS  DELTA. 


26.40X 

Figure  4-18.-Three-phase,4-wire  circuit  con- 
nected to  three  current  transformers. 
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POTENTIAL  DIRECT  CONNECTED.  THREE  CURRENT  TRANSFORMERS  OF  SUITABLE 
RANGE  HAVING  5  AMPERE  SECONDARIES  D&7A  CONNECTED. 
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Figure  4-19.-Three-phase,  4-wire  circuit  with 
potential  directly  connected. 

The  MultiAmp  (MS-  1A)  instrument  (fig.  4-20) 
is  used  primarily  in  Public  Works  Installations. 
Testing  is  rapid.  It  takes  but  a  few  minutes  ttf 
know  your  equipment  is  properly  protected.  \ 

The  instrument  can  be  used  to  check  the 
overload  heaters  of  small  motors.  Refer  to 
manufacturers  data  sheets  or  Allowance  Parts 
Lists  for  the  tripping  time  characteristics  for 
the  particular  overload  heater.  After  setting 
the  Current  Adjust  knob  to  that  current  which 
is  supposed  to  trip  the  device  and  noting  on  the 
Timer  the  time  it  takes  for  the  device  to  trip,  a 
comparison  is  made  with  the  manufacturers 
specifications.  Obviously,  any  results  beyond 
the.  specified  limits  will  indicate  a  defective  re- 
lay which  should  be  replaced  or,  if  adjustable, 
reset  to  meet  the  specifications. 

Use  of  this  instrument  will  expedite,  deter- 
mination of.relay  malfunctions  or  circuit  faults. 
Assured  of'  relay  accuracy,  after  testing,  you 
know  the^ause  of  difficulty  (if  the  relay  keeps 
tripping)  lies  within  the  circuitry  other  than  the 
relay  and  must  be  sought  there. 
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Figure  4-20.-Multi-Amp  model  MS- 1A  test  set. 


'  An  accessory  to  the  MS-1A  tester/  used  for 
Insulation  measurements,  fits  into  the  accessory 
socket  in  the  test  lead  compartment  (fig.  4-20). 
With  it,  insulation  measurements  from  2  to  1000 
megohms  with  ±5  percent  accuracy  can  be  made. 

MODEL  259  VIBROGROUND 

Electrical  systems  and  specific  electrical 
equipment  must  be  protected  from  damage  or 
destruction  by  voltages  from  other  circuits,  or 
lightning,  Manmade  grounds  provide  this  safety 
feature.  To  provide  maximum  protection,  these 
grounds  must  be  checked  regularly. 
-  Figure  4-21  shows  the  Vibroground,  an  instru- 
ment specif ically  ^designed '  to  check  grounds 
quickly  and  accurately.  *  \ 

%  The  Vibroground  works  on  a  null-balance 
principle.  The  basic  circuit  is  indicated  in 
figure  4-22*  The  voltage  drop  developed  -by  a 
current  flowing  through  the  unknown  ground 
resistance  is  measured  by  comparing  it  to  a 
portion  of  the  voltage  drop  developed  by  that 
same  current  flowing  through  a  calibrated  po- 
tentiometer. The  current  flowing  through  the 
calibrated  potentiometer,  causes  a  voltage  drop 
which  is  fed  to  the  primary  of  the  ratio  trans- 
former, inducing  a  voltage  drop  in  the  secondary 


causing  acurrent  flow  in  the  measuring  circuit. 
This  current  tends  to*  cancel  the  current  in  the 
measuring  circuit  due  to  the  voltage  drop  across 
the  ground  resistance  between  the  electrodes 
connected  to  terminals  X  and  1.  When  the  cali- 
brated potentiometer  and  range  switch  are  ad- 
justed so  that  the  two  currents  exactly  cancel, 
the  galvanometer  will  indicate  balance  by  resting 
in  the  zero  position.  The  reading  on- the  cali- 
brated dial  of  the  potentiometer,  multiplied  by 
th?  range  switch  setting,  then  gives  the  value  of 
the  ground  resistance  of  the  point  under  test. 

Representative  test  setups  are  shown  in  fig-* 
ures  4-23  and  4-24. 

NavFac  9Yi  says  that  grounding  shall  be  in 
accordance  with  the  National  Electrical  Code 
published  by  the  National  Board  cf  Fire  Under- 
writers and  the  National  Electrical  Safety  Code 
published  by  the  U.S.  Department  cf  Commerce, 
National  Bureau  of  Standards,  except  tfeat  grounds 
and  grounding  systems  shall  have  a  resistance 
c£  solid  earthground  not  exceedingthe  following 
values:,  » 
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Generating  stations 


Main  substations,  distribution  sub- 
stations, and  witching  stations  on 
primary  distribution  system  

Metal  enclosures  of  electrical  and 
electrically  operated  equipment  and 
cable  sheaths  of  connecting  cables.' 

Systems  to  which  portable  electrical 
utilization  equipment  or  appli- 
ances are  connected  


Secondary  distribution  systems 
(neutral),  noncurrent  carrying 
metal  parts  associated  with  dis- 
tribution systems,  and  enclosures 
of  electrical  equipment  not  nor- 
mally within  reach  of  other  than 
n     authorized  and  qualified  electrical 
_  operating  and  maintenance 

personnel  ,  /   io 

\  * 

Individual  transformer  and  lightning  , 
arrester  grounds  on  a  distribu-  « 
tion  system.  .'   io 

Equipment  noKdovered  above  „,  10 


53 


1176 


9 

ERLC 


\ 


CONSTRUCTION  ELECTRICIAN  3  &  2 


®  BALANCE  MEUR 
EAS»L*-REAO  M£T«R  S*0*S  BALANCE 

point  roR  taking  reaoings.  arrows 

iNOlCATC  OmCCTJON  POTENTIOMETER 
(C)  SHOULO  tC  TuRNCO  TO  OBTAIN 
•ALANCEONCEClE. 
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Figure  4-21.-Vibrogrqju>d  test  set. 
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Figure  4-22.— Basic  Vibroground  circuit. 
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GAOUNOS 
-lO'-SO'— J 


"  ^6  227X 

Figure  4-23.-Vibroground  test  setup  for  check- 
ing the  resistance  to  earth  of  a  driven  trans- 
former ground. 


Where  practicable,  electrically  continuous 
metallic  buried  water  piping  shall  be  utilized 
for  grounding  electrodes,  Artif ical  grounding 
electrodes,  where  required,  shall  be  the  sec- 
tional type  driven  ground  rods  of  cone-pointed 
copper -encased  steel  or  solid  copper.  Approved 
copper-alloy  clamps  shall  be  brazed  to  the  upper 
end  of  ground  rods,  and  ground  wires  securely 
attached  thereto  by  means  of  a  bolted  connec- 
tion. .  Each  ground  rod  shall  be  die-stamped 
near  the  top  with  the  name  or  trademark  of  the 
manufacturer  and  the  length  of  the  rod  in  feet. 
Ground  rods  shall  be  driven  to  a  depth  of  not 
less  than  8  feet' and  shailhave  diameters  suf- 
ficient to  permit  driving  to.the  necessary  depth 
without  being  damaged.  In  no  case,  however, 
shall  they  be  less  than  5/8  inch  in  diameter. 


SERVIVAR  ELECTRICAL  TESTER 

The  Servivar  Electrical  Tester  is  a  multi- 
purpose electrical  instrument  designed  for  re- 
sistance, and  alternating  current  and  voltage 
measurements.  It  is  a  portable,  battery- 
operated  unit  consisting  of  the  basic  indicator 
instrument  (fig.  4-25),  an  attachable  "Snap- 
Around"  probe  for  measuring  a.c.  currents 
(fig.  4-26)  and  a  "Line  Splitter"  (fig.  4-27). 
-  Only  one  scale  on  the  instrument  is'  visible 
to  the  user  at  any  given  time.  This  eliminates 
or  reduces  confusion  and  erroneous  readings 
so  common  to  multiple  scale  instruments.  The 
scales  are  color  coded  so  that  the  user  can 
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Figure  '4-24.-Vibroground  test  setup  when 
there  is  a  well  established  low  resistance 
reference  ground. 


quickly  recognize  whether  he  *  is  on  the  a.c. 
current  scale,  a.c.  volt  scale,  or  the  ohm  scale. 

Special  circuitry  (not  shown)  pre  vents  damage 
to  the  meter  when  voltage  is  applied  inadvert- 
ently to  the  instrument  when  it  is  on  the  ohm 
scale,  this  is  accomplished  without  the  uses  of 
fuses,  circuit  breakers,  or  other  devices  that 
would  have  to  be  replaced  or  reset. 

Principles  of  Operation  . 

The  a.c.  current  to  be  measured  is  inter- 
cepted from  the  conductor  in  which  it  is  flowing 
by  transformer  action  in  the  magnetic  path  that 
constitutes  the  "Snap- Around"  probe.  A  pickoff 
coil  located  inside  the  probe  and  around  the  mag- 
netic path  surrounding  the  reference  conductor 
supplies  voltage  to  a  full-wave  bridge  through  a 
resistance  network.  This1  voltagp  varies  in 
magnitude  in  direct  proportion  to  the  current  that 
is  being:  measured.  , 


Probe 


The  probe  has  been  designed  to  enter  into 
cramped  eiectrical4»xes-and  to  snap  around  an 
individual  conductor  in  a  mass  of  conductors 
without  the  need  preposition  the  other  con- 
ductors. It  operajtes  as  a  true  "Snap-Around" 
wires  up  to  0.5  inch  outer 
fthan  a  cumbersome  scissors 
Jires  maximum  clearance, 
interchangeable  with  all  in- 
dicators so  that  additional  probes  may  be  left 
permanently  installed  in  inaccessible  locations. 


device  that  accej 
-diameter,  rather 
type  jaw  that  requ 
The  probes  ar< 
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Figure  4-25.~Servivap  electrical  tester. 
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The  "Snap  Around"  probe  features  easy  thumb 
control  for  quick  opening.  Retraction  is  a  simple  . 
operation. >  Merely  slide  thumb  knob  back  and 
hold  at  desired  clearance.  (See  fig.  4-26.)  To  - 
close,  release  gently!  encircling  the  wire  whose 
current^  to  be  determined. 

Line  Setter  ■  ' 

As/ypu  know,  in  measuring  a.cv  current;  it  is 
mandatory  that  only  one  conductor  be  encircled.- 


It  may  not  be  convenient  or  possible  to  split 
the  conductors  in  a  two  conductor  cable  so  that 
a  current  measurement  can  be  made.  The  line 
splitter  automatically  performs  this  function. 


;  26.231X 
1  *  Figure  4-26.-Snap-arodnd  probe. 
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Figure  4-27.-Line  splitter. 
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VOLTAGE  TESTER 

The  so»rnold  type  voltage  tester  is  the  most 
frequently  used  troubleshooting  instrument. 
Every  electrician  should  understand  the  use  and 
c^re  of  this  important  tool,  - 

The  voltage  tester  (fig.  4-28)  is  encased  in  an 
insulated  housing  and  can  be  heldf  in  the  hand 
when  circuit  testing.  It  has  two  test  probes  con- 
nected to  the  meter  movements  by  flexible  leads. 
Inside  the  housing  is  a  solenoid,  a  coil  having  a 
movable  core.  Whf  n  the  test  probes  are  placed 
across  terminals  having  a  difference  of  potential 
(voltage),  current  flows  in  the  coil.  This  re- 
sultant current  flow,  which  is  dependent  upon 
the  amount  of  difference  in  potential,  sets  up  a 
magnetic  field  surrounding  the  coil.  This  mag- 
netic field  will  puU  t|ie  movable  core  into  the 
coil.  This  magnetic  pull  works*against  a  return 
spring.  The  movable  core  has  a  pointer  attached, 
which  Is  read  against  a  calibrated  scale  on  the 
face  of  the  housing.  As  you  gain  experience  in 
the  art  of  troubleshooting,  you  will  find  the 
voltage  tester  an  indispensable  tool  if  used 
properly. 


OTHER  DEVICES 


73.32(77B) 
Figure  4-28.- Voltage  tester. 


There  are  various  other  devices  used  to 
measure  electrical  properties  and  for  meas- 
uring the  speed  of  electrical  equipment.  The 
amount  of  output  of  rotating  electrical  equip- 
ment usually  varies  directly  with  the  speed 
Measurement  of  rotation  spcod  will  therefore 
be  one  means  of  measuring  and  indicating  out- 
puU  Let's  examine  some  instruments  usin*this 
technique.  ' 

PHASE  SEQUENCE  INDICATORS 

The  PHASE  SEQUENCE  INDICATOR  is  a 
device  used  to  compare  the  phase  rotation  of  an 
incoming  alternator  operated  in  parallel  with  an 
*  alternator  already  on  the  line;  or  to  determine 
the  phase  rotation  of  equipment  being  put  into 
use  for  the  first  time. 

The  makeup  of  a  phase  sequence  indicator  is 
ai  follows.  A  tiny  thr#e-phase  inductiori'  motor 
is  equipped  with  three  leads,  labeled  A,  B,  and 
C  as  shown  in  figure  4-29.  The  insulating  hoods 
over  the  clips  are  of  different  colors:  red  for  A. 
white  for  B,  tod  blue  for  C. 

The  rotor  in  the  instrument  can  be  observed 
through  tye  three  PORTS  as  it  turns,  so  that  vou 
can  note  the  direction  in  which  it  rotates.  The 
rotor  can  be  started  by  means  of  a  momentary 
cpjitact  switch;  it  stops  again  when  you  release 
the  switch. 

Phase  sequence  is  the  sequence  or  order  in 
which  the  three  voltages  of  a  three-phase  sys- 
tem appear.  When  an  incoming  alternator  is  cut 
in  with  a  loadside  alternator  already  in  opera- 
tion, connections  must  be  made  so  thai  the  phase 
sequence  of  the  two  will  be  the  same. 

Figure  4-30  illustrates  the  procedure  for 
ensuring  this  with  a  phase  sequence  indicator. 
Connect  indicator  terminal  A  to  XI,  B  to  Yl, 
and  C  to  Zl,  press  the  contact  switch,  and  note 
the  direction  of  rotation  of  the  rotor. 

Now  move  the  A  terminal  to  X,  the  B  to  Y. 
and  the  C  to  Z,and  again  press  the  switch.  If  the 
rotor  turns  in  the  same  direction  as  before,  the 
pha^e  rotation  is  the  same  and  *he  connection 
can  be  made  X  to  XI,  Y  to  Yl,  and  Z  to  Zl.  If 
the  rotor  turns  in  the  opposite  direction,  trans- 
pose the  connections  of  any  two  of  the  incoming 
alternator  leads  before  making  the  connection.. 

It  is  not  absolutely  necessary  that  A  be  con- 
nected to  the  left-hand  terminal,  B  to  the  center 
terminal,and  C  tothe  right-hand  terminal.  This 
is  a  practical  method,  however,  used  to  avoid  the  * 
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Figure  4-29.— Phase-sequence  meter. 

danger  of  confusing  the  leads.  The  important 
thing  is  to  ensure  that  the  phase  sequence  .indi- 
cator that  was  used  on  XI  be  brought  down  to  X, 
the  one  used  on  Yl  to  Y,  and  the  one  used  on  Z 1 
to  Z.  Reversing  any  two  of  the  leads  will  re- 
verse the  direction  of  rotation  of  the  rotor. 

SYNCHROSCOPES 

The  SYNCHROSCOPE  is  essentially  a  power 
factor  meter  connected  so  as  to  measure  phase 
reiatiotf  between  generator  voltage  and  bus  bar 
voltage  when  an  additional  generator  is  being  put 
on  the  line. 


X 


INCOMING 
ALTERNATOR 


\  \.\ 


lOADSIDE-      X.        Yi  2, 
ALTERNATOR  1 
ALREADY  IN 
OPERATION 

73.53 

Figure  4-30.— Diagram  for  checking 
phase  sequence. 


Later  in  this  manual  you  will  find  that,  when 
two  alternators  are  to  be  operated  in  parallel, 
phase  sequence,  voltage,  and  frequency  must  be 
the  same  for  the  incoming  alternator  aiid  the 
energized  bus  bars.  The  generator  frequency 
must  be  practically  constant,  and  the  generator 
and  bus  bar  voltage  in  phase. 
'  Bringing  this  condition  about  is  called  "syn- 
chronizing" the  alternator.-  This  is  commonly 
done  by  an  arrangement  of  lamps  described  in  a 
later  chapter.  However,  the  use  of  a  synchro- 
scope is  more  accurate. 

With  a  synchroscope  you  determine  (1)  if  the 
frequency  of  the  alternators  is  the  same  or 
different,  (2)  if  frequency  is  constant  for  an 
appreciable  time,  and  (3)  whether  or  not  bus 
'  bar  voltages  of  both  generators  are  in  phase- 
that  is,  whether  they  reach  maximum  value  at 
the  same  time. 

Figure  4-31A  shows  the  dial  of  a  synchro- 
scope, figure  4-31B  a  wiring  diagram  of  the 
instrument.  Coils  A  and  B  are  connected  to  the 
incomiiig  generator  through  a  potential  trans- 
former. Coil  C  is  connected  to  the  bus  line. 
One  pointer  holds  a  fixed  position  at  the  top  of 
the  dial  as  shown  in  figure  4-31.  The  moving 
element  is  attached  to  the  second,  movable 
pointer.  If  the  frequencies  are  the  samer  this 
pointer  takes  a  fixed  position.  With  any  slight 
variation  in  frequency,  however,  it  will  begin  to 
travel— toward  SLOW  if  the  incoming  generator 
is  slow,  toward  FAST  if  it  is  fast.  The  amount 
d  difference  in  frequency  is  indicated  by  the 
speed,  of  travel. 

You  synchronize  by  adjusting  the  speed  of 
the  incoming  generator,  in  accordance  withwhat 
you  read,  until  you  bring  the  movable  pointer 
even  with  the  stationary  pointer. 

REVOLUTION  COUNTER  OR 
TACHOMETER 

To  determine  the  speed  of  a  revolving  shaft 
you  use  a  REVOLUTION  COUNTER  or  TACHOM- 
ETER; A  .tachometer  gives  a  direct  reading  on 
the  dial  of  the  number  of  revolutions  per  minute 
(r.p.m.)  the  shaft  is  turning.  On  some  types  no 
timing  is  necessary,  and  any  variations  in  shaft 
speed  are  reflected  in  the  movement  of  the 
pointer.  On  some  equipment  a  tachometer  can  be 
used  in  place  of  a  frequency  meter. 

There  are  several  types  of  tachometers  or 
indicators  that  can  be  used  for  indicating  shaft 
speeds  from  remote  positions,  such  as: 
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1.  A  d.c.  generator  type,  with  a  voltmeter 
indicator. 

2.  An  a.c.  generator  type,  containing  a  trans- 
former and  a  rectifier-type  a^c.  voltmeter. 

3.  A  three-phase  a.c.  generator  type,  with  an 
indicator  using  a  synchronous  motor  operating 
a  magnetic-drag  assembly. 

.  The  first  two  types  are  usually  switchboard- 
mounted,  although  the  d.c.  type  with,  voltmeter 
indicator  can  be  a  portable  instrument.'  The  third 
type  is  attached  to  the  rotor  of  the  synchronous 


motor.  The  rotating  magnets  produce  a  torque 
proportionate  to  shaft  speed  to  drive  the  pointer. 

For  a  switchboard-mounted  instrument  the 
o^ratingprinciple  is  somewhat  different.  In  the 
d.c.  generator  type,  the  generator  is  drivenfrom 
the  shaft  whose  rpm  istobe  measured.  Because 
generator  output  voltage  is  proportional  to  spied, 
the  voltmeter  is  simply  calibrated  to  revolu- 
tions per  minute  instead  of  volts. 

The  a.c.  generator  type  is  frequency-sensitive 
rather  than  voltage-sensitive.  The  transformer 
output  is  proportional  to  the  frequency  of  the 
applied  voltage,  but  the' frequency  is  also  pro- 
portional to  the  speed  of  the  generator. 

Some  types  of  a.c.  tachometer  equipment, 
used  principally  to  measure  low  speeds,  may 
consist  of  the  a.c.  generator  and  the  rectifier- 
type  voltmeter.  Over  the  rated  speed  range, 
voltage  output  is  directly  proportional  to  speed, 
and  the  instrument  dial  may  be  calibrated  in 
anjr  units  related  to  speed,  such  as  revolutions 
per  minute  or  feet  per  minute. 

COMMUNICATIONS  TEST  EQUIPMENT 

Various  testing  instruments  are  used  to  check 
out  communication  circuits  and  equipment  In 
this  portion  of  the  chapter,  we  will  discuss  ap- 
plications of  the  portable  WHEATSTONE 
BRIDGE,  the  CABLE  REPAIRMAN'S  test  set, 
telephone  testsetAN/PTM-5,and  acabletester! 

■  WHEATSTONE  BRIDGE 

The  Wheatstone  bridge  (fig.  4-32)  may  be 
used  to  measure  the  resistance  of  a  pair  of 
wires  in  a  telephone  cable,  or  to  locate  the  dis- 
tance to  a  fault  (ground)  in  the  cable  by  either  of 
two  methods,  the  Varley  (Var)  loop  test  or  the 
Murray  (Mur)  loop  test. 

Preoperational  Test 

Place  the  instrument  on  a  level  surface  as 
near  as  possible  to  the  test  point  and  f  oiiow  the 
preoperational  test  procedure  indicated  in  the 
manufacturer's  instruction  manual. 

Measurement  of  Unknown  Resistances 

Once  the  instrument  accuracy  has  been  veri- 
fied, and  the  resistance  of  a  loop  or  other  re- 
sistance is  to  be  determined,  measurement  can 
be  easily  made  by  referring  to  table  4-1  and 
setting  the  MULTIPLY  BY  dial  to  that  setting 
closest  to  the  estimated  value  of  the  unknown 
resistance. 
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Figure  4-32.-Wheatstone  Bridge  operating  controls. 
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If  the  resistance  da  loop  is  to  be  determined, 
disconnect  all  equipment  from  the  near  end  of 
the  loop  and  connect  one  wire"  ci  the  loop  to  the 
binding  post  Xi  and  the  other  wire  to  line  bind- 
ing post  X2  (fig.  4-33).  Be  sure  that  the  wires 
connected  to  the  test  set  'are  clean  and  firmly 
secured  to  the  binding  posts.  Have  all  equip- 
ment disconnected  from  the  far  end  of  the  loop 
and  a  short  placed  across  the  circuit  at  that  end. 

If  the  resistance  of  an  electrical  component  is 
to  be  measured,  connect  the  component  across 
line  binding  posts     and  X2. 

The  bridge  is  balanced  ind  the  test  procedure 
complete  when  theGA  SENS  switches  (fig.  4-32) 


are  pressed  in  proper  sequence  and  the  pointer 
on  the  galvanometer  does  not  move,  in  either 
direction.  Resistance  is  determined  by  sum- 
ming up  the  decade  dial  settings  and  multiply- 
ing that  result  by  the  setting  of  the  MULTIPLY 
BY  dial. 

REGULAR  VARLEY  LOOP  TEST 

The  regular  Varley.  loop  test  (fig.  4-34)  is 
used  to  locate  a  ground  in  a  high-resistance 
loop  when  the  unbalance  (difference  in  resist- 
ance between  the  faulty  and  good  wires)  does  not 
exceed  1  ohm.    The  regular  Varley  method 
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Table  4-1.-MULTIPLY  BY  dial  setting  when 
measuring  resistance. 


ESTIMATED  RESISTANCE 
(ohms) 


MULTIPLY  BY 
dial  setting 


Below  10. 


10  to  1000 


1 

•1000 

1 

'100 


100  to  1000 


Used  in  Varley  tests 
Used  in  Varley  tests  , 
1000  to  10,000  .  .  .  .:. 

10,000  to  100,000  . . : 

100,000  to  1,000.000  . 


i 

10 
'  9 

1 

'  4 

I 

'  1 

10 

1 

100 

1 
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requires  the  use  of  one  good  wire  between  the 
test  point  and  the  far  end  of  the  circuit. 

Location  of  the  ground  can  be  achieved  using 
the  following  formulae,  all  of  which  are  derived 
from  the  original  Wheatstone  Bridge.  (Refer  to 
theRegular  Varley  Loop  test  circuit  (fig.  4-35).) 

.  (1)  Basic  equation: 


••  >J   "  -26.45 
Figure  4-34.-Connections  for  ground  location, 
regular  Varley  and  Murray  loop  tests. 


(2)  The  equation  used  to  determine  the  re- 
sistance from  test  point  to  fault  (X,)  equals: 

a 

y.     rB-  AR 
a  *  A  +  Br 

where  .j  equals  R?  +  Rb  (loop  resistance) 

(3)  The  equation  used  to  determine  resist- 
ance from  far  end  to  fault  (Xb)  ^quals: 

x  s  A(R  +  Rb)  -  BR^ 

A  +  B  4 


where  A  =  numerator  of  position  at  MUL- 
TIPLY BY  dial, 
B  =  denominator  of  position  of 

MULTIPLY  BY  dial, 
r  =  loop\  resistance  as  calculated  in 
previous  paragraph,  Measurement 
of  Unknown  Resistance, 
R*  decade   dtel  reading  after 

balancing,  \ 
Rg  =  resistance  ot  good  wire  from  test 

point  to  far  end, 
Rb  =  resistance  qf  faulty  wirefromtest 
point  to  far  end. 


FAULT 


m  *  26.44 

Figure  4-33.— Connection  for  measurement  of 
loop  resistance. 


26.46.1 

Figure  4-35.-Regular  Varley  loop  test  circuit, 
simplified  schematic  diagram. 
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THREE  VARLEY  TEST 


This  test  has  a  definite  advantage,  especially 
for  central  desk  testing,  over  other  types  of 
tests  in  that  the  resistance  of  the  test  cords  and 
the  conductors  themselves  neither  need  to  be 
known  nor  allowed,  for  in  the  calculations.  Its 
chief  drawback  lies  in  the  fact  that  a  good  pair 
(two  conductors  of' any  resistance)  are  needed 
in  addition  to  the  faulty  conductor  and  ground. 

NOT£:  Lead  wires  and  conductors  maybe 
of  unequal  resistance,  because  this  method  bal- 
ances out  their  resistances- 
.  The  test  derives  its  name  from  the  Varley 
Loop  and  from  the  fact  that  three  such  tests 
must  be  made/  However,  each  is  simple  as 
shown  in  the  diagrams  and  any  tester  who  can 
perf orm*  the  simple  Varley  should  achieve  ac- 
curate results  here.  (See  fig.  4-36  (a),  (b),  and 
(c).)  The  three  tests  made  are  known  as  "Var- 
ley 1",  ,rVarley  2"  and  "Varley  3",  using  the 
connections  as  shown  in  figure  4-36  (a),  (b), 
and  (c). 

Calling  the  rheostat  readings  at  balance 
Rl,  R2,  and  R3  respectively,  the  basic  equa- 
tions are: 


A 
B 


Rg       Rg+Xb  Rg+Rb 


Rl  +  **b    R2  +  xa 


From  whicS  may  be  obtained  the  working 
equations: 


A  +  B 


(R3  -  R2)  used  to  determine 
the  resistance 
(Xa)  between  the 
test  point  and  the 
fault*. 

used  to  determine 
Rl)     the  resistance 
(Xb)  between  the 
fault. 

to  determine  the  re- 
sistance (Ru)  of 
the  full  length  of 
OR3  *  .  the  faulty  wire. 


A+  B 


Rb  =  Xa  +  Xb=. 


These  symbols  are  identified  in  equation  3  under 
Regular  Varley  Loop  Test. 

In  using  the  three  (3)  Varley  Test,  MULTI- 
PLY BY  dial  ranges  1/1, 1/4,  or  1/9  are  rec- 
ommended. Once  the  range  has  been  selected, 


XI 


X2 


5* 


(•)  "VARLEY  I-  TEST 
VARLEY  1  TEST  BASIC  EQUATION: 

S  " 


X2 


tb)  "vARLEY  2"  TEST* 
VARLEY  2  TEST  BASIC  EQUATION* 


A      Rf  ♦  Xk 


B     X.  ♦  R2, 


{ft)  "VARLEY  3m  TEST 
VARLEY  3  TEST  BASIC  EQUATION: 


> 


X2 


*      (4)  MODIFIED*  VARLEY  f  TEST  /  ^ 

NOTE:  CONNECTIONS  OF  POSITIVE  PORTION  OF 
BATTERY  DISTINGUISH  BETWEEN  THE 
THREE  VARLEY  TESTS. 


y  28.46.2 
Figure  4-36.-Simplified  schematics  arid  basic 
_  equations  for  "Three  Varley  Tests1*.  , 
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it  mutt  be  used  on  all  three  teste  to  produce  ac- 
curate results.        .  —  • 

To  determine  the  resistance  to  the  fault  to 
tenths  of  an  ohm,  the  ratio  A/B  must  be  approxi- 
mately 1/10.  The  ratio  1/9  and  1/4  are  con- 
venient In  some  models,  because  their  working 
equations  reduce,  respectively,  to  the  forms: 


10 


'  Aa  — e — » 


and  Rb 


When  the  total  resistance  of  the  loop  is  more 
than  about  1000  or  1100  ohms,  it  is  impossible 
to  balance  the  bridge  when  using  the  1/10  or 
1/9  MULTIPLY  BY  dial  setting.  It  may  then  be 
necessary  to  use  A/B  «  1.  Then,  if  the  good 
wire  is*c£  lower  resistance  than  the  faulty  wire 
the  bridge  cannot  be  balanced  in  the  "Varley  W 
test.  The  good  and  bad  wires,  with  their  leads, 
must  be  interchanged  as  in  figure  4*36  (d),while 
making  the  "Varley  1"  test  only.  The  working 
equations  under  these  conditions  are: 


R2  +  Rl 
2     '  Aa 


R3  •  % 


n  andRh  -*3~*1 
2  b  2 


To  avoid  the  need  for  interchanging  the  good 
and  bad  conductors  in  the  '•Varley  1"  test,  a 
small  resistor  may  be  connected J)etween  the 
test  set  and  the  good  conductor.  It  is  used  dur- 
ing ail  three  tests.  Any  reasonable  value  of 
resistance  may  be  used  which  is  large  enough 
to  make  the  resistance  of  the  good  conductor 
higher  than  that  of  the  bad  one.  Its  value  need 
not  be  known  since  itfs  automatically  eliminated 
by  this  method  of  test. 

MURRAY  LOOP  TEST  FOR  * 
LOCATING*  A  GROUND 

To  use  the  Murray  loop  test  for  locating  a 
ground,  •  a,  good  wire  should  be  available  (fig. 
4-34)  in  addition  to  the  grounded  wire.  A  sim- 
plified schematic  is  shown  in  figure  4-37.  Re- 
move all  equipment  from  both  ends  of  the  circuit 
and  locate  the  fault  using  the  manufacturer's  in- 
structions and  either  of  the  following  methods: 

(a)  Direct  computation,  for  solving  da,  the 
distance  from  the  test  point  to  the  fault,  when 
total  mileage  of  loop  is  known. 

*   R  +  A* 


p — 

"9  — 

 «b— 

4 

26.46.3 

Figure  4-37.-Regular  Murray  loop  test 
for,  locating  ground.  . 


where  R  equals  the  decade  dial  sum,  £  equals 
the~  total  loop  distance  in  miles  and  A  equals 
the  MULTIPLY  BY  dial  reading  (usually  set  at 
M  10,  M  100,  or  M  1000  for  Murray  Loop 
readings). 

(b)  Resistance-distance  method  fs  used  after 
the  resistance  Xa  (from  the  test  point  to  the 
fault)  has  been  determined  using  the  formula 

rTa' 

where  R  *  total  decade  dial  reading. 

r  « total  loop  resistance  of  the  faulty 
circuit 

A  «  numerator  of  the  position  of  MULTI- 
PLY BY  dial. 
The  result  obtained  from  the  above  calculation 
is  then  substituted  in  * 

Xa 

N       a    1/2  resistance  per  loop  mile, 

and  should  agree  with  the  result  calculated  by 
the  direct  computation  method. 


CABLfe  REPAIRMAN'S  TEST  SET 

*<  * 

The  cable  repairman's  test  set,  1-51  (fig.  4- 
38)  is  used  to  pinpoint  the  location  of  cable  faults 
after  the  approximate  location  of  the  fault  has 
been  obtained  by  the  use  of  the  Wheatstone  bridge 
or  some  other  method.  The  test  set  can  "be 
used  to  locate  shorts,  grounds,  crosses,  split 
pairs,  wet  spots,  and  similar  troubles  in  a  cable. 
IT  CANNOT  BE  USED  TO  LOCATE  OPEN  CIR- 
CUITS. 

The  test  set- includes  atone  unit,  an  exploring 
coil  equipped  with  three  jacks,  and  a  telephone 
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OUTPUT 
TERMINAL 

4fc 


TONE  TONE 
SWITCH  UNIT 


CIRCUIT 
LABEL 


BATTERY  x 
COMPARTMENT 


MENT 


TERMINAL 
RECEIVER 


TELEPHONE 
RECEIVER 
PLUG 


Figure  4-#8.— Cable  repairman's  test  set  1-51. 


*  26.47 


receiver  equipped  with  a  cord  and  plug  for  con- 
nection to  the  exploring  coil  packs.  The  tone 
unit  has  a  switch  for  selecting  steady  or.  inter-  . 
rupted  tone  and  a  set  of  terminals  for  connecting 
the.  tone  unit  to  the  faulty  conductors.  These 
units  are  housed  in  a  carrying  case. which  is, 
provided  with  an  adjustable  carrying  strap.  The 
inside  of  the  carrying  case  is  divided  into  three 
compartments:  one  for  the  tone  unit/  one  for 
the  batteries,  and  one  for  storing  the  exploring 
coiland  the  receiver.  In  addition  tothe  compon- 
ents supplied  with  the  test  set,  it  is  necessary  to 
have  4  (BA-23)  batteries  tofurnish  the  required 
6  volts,  two  alligator  clips  and  approximately  10 


feet  of  two-conductor  cable  required  to  as- 
semble the  test  cord.  . 

Operating  Procedures 

Before  you  use  the  test  set  study  your  in- 
struction manual.  Obtain  information  from  the 
central  office  personnel  on  the  type  of  cable 
fault,  the  resistance  of  the  faulty  conductors, 
and  the  approximate  location  of  the  fault. 

Location  of  Grounds 

Grounds  are  located  by  making  connections 
and  setting  controls  as  shown  in  figs,  4-39  and 
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OttCAttC 


SMf  ATM 

26.49 

Figure  4-39. -Connections  for  locating  ground. 

4*40.  Note  that  regardless  of  how  muchresist- 
ance  exists  between  the  point  where  the  tone  is 
applied  and  the  probable  location  of  the  fault, 
binding  post  3  is  always  used.  Use  binding  posts 
3  and  4  for  cable  faults  having  a  resistance  of 
less  than  100  ohms  between  those  points  and 
.  binding  postsSandSfor  those  100  ohms  or  more. 

At  the  approximate  location  of  the  fault,  place  . 
the  telephone  receiver  in  position  over  one  ear 
and  hold  the  exploring  coil  parallel  to  the  cable 
as  shown  in  figure  4-41.  Be  sure  that  the  tele- 
phone receiver  plug  is  inserted  into  the  G  and  C 
jacks  of  the  exploring  coil  (Fig.  4-39). 

While  listening  with  the  receiver,  .move  the 
exploring  coil  along  the  cable  toward  the  fault 
until  the  tone  disappears  or  the  volume  of  the 
tone .  is  markedly  decreased.  This  should  be 
the  eact  location  of  the  fault. 

NOTE:  Iniiigh  resistance  faults,  the  tone 
will  not  disappear  when  the  fault  is  passed  be- 
cause of  a  carryover  effect  of  the  line  capaci- 
tance. In  some  cases,  the  change  in  volume  is 
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Figure  4-41.-Position  of  exploring  coil  for 
locating  grounds,  shorts,  or  split  pairs. 

so  slight  that  an  absolute  location  of  the  fault  is 
uncertain.  In  such  cases,  place  a  chalk  mark 
at  the  approximate  location,  then  transfer  the 
test  set  to  the  other  end  of  the  cable,  and  re- 
peat the  steps  given  above. 

Location  of  Shorts 

An  insulation  breakdown  between  the  two 
conductors  of  a  pair  which  permits  the  two 
wires  to  touch  each  other  will  cause  a  short 
circuit.  A  short  may  also  occur  if  moisture 
enters  the  cable  sheath  and  reduces  the  insula- 
tion resistance  between  the  two  wires  of  the 
pair  to  the  point  where  the  conductors  cannot  be 
used  efficiently. 

In  locating  shorts  with  the  cable  repairman's 
test  set  make  connections  as  shown  in  fig.  4-42. 

At  the  approximate  location  of*  the  fault, 
place  the  telephone  receiver  plug  in  position 
over  one  ear  and  hold  the  exploringcoil  parallel 
to  the  cable  as  shown  in  figure  4-41  and  4-42. 
Be  sure  that  the  telephone  receiver  plug  is 


26148 

Figure  4-40.-Test  set,  top  view  with  cover  open. 
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Figure  4-42.— Connections  for  locating  shorts. 
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inserted  in  S  and  C  jacks  of  the  exploring  coil. 
(See  fig.  4-42.) 

While  listening  with  the  receiver,  move  the 
exploring  coil  along  the  cable  toward  the  fault. 
The  tone  will  decrease  and  increase  in  yolume 
as  the  coil  is  moved  along  the  cable  This  is 
called  the  short-circuited  effect.  When  the  coil 
is  moved  over  the  fault,  the  tone  will  decrease 
considerably  in  volume  or  disappear  entirely* 

NOTE:  If  uncertain  of  the  exact  location, 
transfer  the  test  set  to  the  other  end  of  the  cable 
and  repeat  the  steps  given  above. 

#  . 

Location  of  Crosses 

A  cross  is  essentially  the  same  as  a  short 
except  that  the  contact  is  between  conductors 
from  two  different  pairs. 

To  locate  crossed  wires  make  connections 
and  hold  exploring  cables  as  shown  in  figures 
4-43.and  4-44. 


EXPLORING  COIL 


26.52 

Figure  4-43,-Position  of  exploring  coil  for  lo- 
cating crosses  and  wet  spots. 


JtecEiveft, 


While  listening  with  the  receiver,  move  the 
exploring  coil  along  the  cable  toward  the  fault 
until  the  tone  fades  out  or  is  reduced  consider- 
ably in  volume.  The  steady  volume  tone  heard 
while  tracing  crossed  wires  is  known  as  the 
crossed-wires  effect. 

NOTE:  If  uncertain  of  the  exact  location  of 
the  fault,  place  a  chalk  mark  at  the  approximate 
location,  then  transfer  the  test  set  to  the  other 
end  of  the  cable  and  repeat  the  steps  given 
above.  *  » 

Location  of  Split  Pairs 

A  split  pair  is  caused  by  splicing  error  in 
which  one  wire  of  a  pair  is  connected  to  one  wire 
of  another  pair. 

Make  connections  as  shown  in  fig.  4*45  and 
,  hold  the  exploring  coil  parallel  to  the  cable  as 
shown  in  f  ig«  4-41  to  locate  a  split  pair.  - 


TOMBUNlf 
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Figure  4-44.-Connections  for  locating  crossed 
wires. 


'  TONE  SWITCH 
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Figure  4-45.-Connections  for  locating  split 
'  pairs. 

While  listening  with  the  receiver,  move  the 
exploring  coil  along  the  cable. toward  the  fault. 
The  tone  will  increase  and  decrease  in  volume 
(short-circuit  effect)  up  to  the  location  of  the 
fault  and,  thereafter,  will  be  steady  in  volume 
(crossed- wires  effect).  ' 

To  ensure  accurate  location  of  the  fault,  mark 
the  cable  at' the  location  found  above,  and  then 
use  the  alternative  method  of  locating  split  pairs 
described  below  as  a  check.  9 


Alternative  Method  .of  Locating 
Split  Pairs  - 

Connect  the  output  terminals  of  the  test  set 
to  one  wire  of  one  of  the  split  pair  (strapped  at 
the  far  end  of  the  cable),  and  to  one  wire  of  the 
other  pair  as  shown  in  figure  4-46. 

While  listening  with  the  receiver,  move  the 
exploring  coil  along  the  cable  toward  the  fault. 
The"  tone  will  be  steady  in  voiume.(crossed-wire 
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Figure  4-46*-Alternative  connections*  Top" 
locating  split  pairs* 


effect)  until  the  fault  is  reached;  thereafter  the 
tone  will  increase  and  decrease  in  volume  (short- 
circuit  effect)* 

NOTE:  It  is  possible  to  connect  the  test  set 
in  such  a"  manner  that  the  short-circuit  effect 
will  not  be  detected*  If  this  happens,  reconnect 
one  of  the  test  leads  to  the  other  wire  of  the 
pair  to  which  it  is  connected*  The  short-circuit 
effect  now  should  be  heard  as  described  above. 

Location  of  Wet  Spots 

Normally  a  wet  spot  in  a  cable  is  caused  by 
an  opening  in  the  cable  sheath  Jn  aerial  cables^ 
this  opening  can  be  caused  by  squirrels  chew- 
ing on  the  cable  sheath  or  by  tree  limbs,  cable 
rings*  or  cable  lashing  wire  rubbing  against  the 
sheath.  In  underground  cables*  an  opening  in 
the  sheath  normally  is  caused  by  soil  erosion 
or  electrolysis*  When  an  opening  appears  in  the 
sheath*  moisture  eventually  enters  the  cable  and 
forms  a  combination  of  grounds,  short  circuits, 
and  crosses* 

In  locating  wet  spots  with  the  test  set*  con- 
nect the  output  terminals  to  each  group  of 
strapped  wires  (fig*  4-47)  and  set  the  tone 
switch  to  position  1. 


26.56 

Figure  4-47.-Connectionsf  or  locatingwet  spots. 


At  the  approximate  location  of  the  fault*  place 
the  telephone  receiver  in  position  over  one  ear 
and  hold  the  exploring  coll  at  right  angles  to  the 
cable  as  shown  in  figure  4-43.  Be  sute  that  the 
telephone  receiver  plug  is  inserted  into  the  S 
and  C  jacks  of  the  exploring  coil. 

While  listening  with  the  receiver*  move  the 
exploring  coil  along  the  cablef  toward  the  fault. 
A  steady  tone  will  be  heard  up  to  the  location  of 
the  fault  and.  thereafter,  the  tone  will  either 
decrease  considerably  in  volume  or  disappear  - 
entirely.  ' 

To  ensure  accurate  location  of  the  fault,  mark 
the  cablt  at  the  location  found  above*  and  use  the 
alternative  method  of  locating  wet  spots  de- 
scribed below  as  a  check* 

Alternative  Methods  for 
Locating  Wet  Spot* 

Strap  together  one  group  of  wires  which  nave 
a  low  resistance  to  ground. 

Connect  one  output  terminal  of  the  test  set  to 
the  cable  sheath  and  Ma%  other  to  the  strapped 
group  of  wires.  Leave  the  tone  switch  set  to 

position  1#    — -  

-At  thfe-approximate  location  of  the  fault* 


place  the  telephone  receiver  in  position  over 
♦one  ear  and  hold  the  exploring  coll  parallel  to 
the  cable  as  shown  in  figure  4-41*  Be  sure  that 
the  telephone  receiver  plug  is  inserted  into  the 
G  and  C  jacks  of  the  exploring  coll* 

While  listening  with  the  receiver  /  move  the- 
exploring  coil  along  the  cable  toward  the  fault 
'  until  the  tone  disappears  or  the  volume  of  the 
tone  Is  markedly  decreased,  which  indicates  the 
exact  location  of  the  fault. 

Location  of  Buried  Cable 

It  sometimes  becomes  necessary  to  trace 
the  unknown  path  of  a  buried  cable.  When  there 
is  trouble  in  a  buried  cable,  much  excavation 
maybe  avoided  if  the  exact  location  of  the  cable 
can  be  determined*  Only  the  tracing  methods  di- 
rectly applicable  to  buried  cable  are  discussed 
i.i  this  section. 

In  conjunction  with  the  cable  repairman's, 
test  set  1-51,  the  following  items  of  equipment 
are  required  for  tracing  buried  cable.  ' 
Amplifier— BC-1388  A 
.,Coil — -----24-  or  26- inch  diameter  explor- 

'  tag-induction  coil 
Receives — Two  No.  716-D  receivers 
equippedwithaWECoR2CF  cord 
and  a  WECo  Ha  headband 
Rods  Two  ground  rods,  GP-26 
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The  exploring  coil  is  not  available  as  a  stand-  . 
ard  item,  but  can  be  constructed  locally  as 
follows: 

Wind  approximately  .300  turns  of  No.24-gage 
double  cotton-covered  copper  wire  on  a  light 
circular  frame  with  a  diameter  of  24  or  26 
inches  to  make  the  coil:  Then  bring  the  two' 
ends  of  the  windings  about  1/2  inch  apart  from 
the  side  of  the  coil.  Wrap  a  layer  of  rubber 
tape  and  then  a  layer  of  friction  tape  in  the  re- 
verse direction  over  the  wound  wire,  bringing 
the  ends  of  the  wire  out  of  the  coil  between  the 
layer  of  the  tapes.  Terminate  the  ends  of  the 
winding  by  soldering  them  to  binding  posts 
mounted  in  a  small  insulating  strip*— A- 
of  hardjirt>be^  by  2  1/2 

s  will  serve  satisfactorily  as  the  strip. 
Apply  tio  coats  of  asphalt  paint  to  the  entire 
coil.  Then  fasten  the  terminal  strip  to  the  in- 
side of  the  completed  coil: 

In  an  emergency  any  fine-gage  insulated 
e  wpund  into  a  coil  about  2  feet  in  diameter 
used  in  place  of  the  coil  described  above, 
[der  some  conditions,  the  pickup  of  the  ex- 
coil  will  be  sufficient  to  give  a  suitable 
signal  yhen  connected  directly  to  the  No.  716-D 
receivers.  If  the  signal  is  not  strong  enough  to 
permit  trying,  an  amplifier,  such  as  the  BC- 
1388,  is  connected  to  the  listening  circuit.  Fig- 
ure 4-48  shows  a  schematic  view  of  the  ex- 
ploring coil.  \ 

Stray  Current  Method  of 
Tracing  Conductor^ 

In  locating  and  tracing  the  path  of  a  buried 
cable  or  a  conductorXwhich  is  not  readily  ac- 
cessible, it  is  generally  advisable  first  to  at- 
tempt to  make  a  location  by  the  stray  current 
method  with  the  coil  held  in  a  horizontal  posi- 
tion. Walk  across  the  approximate  path  of  the 
conductor   to   determine  Vhether,  there  is 
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Figure  4-48.-Exploring  coil  for  tracing 
buried  cable.  ., 


sufficient  stray  current  flowing  to  give  an  audi-  * 
ble  signal  or  tone  in  the  receivers.  If  there  is, 
the  tone  volume  will  rise  gradually  to  a  maxi- 
mum as  the  conductor  is  approached,  suddenly 
fall  to  a  low  value  when  the.  coil  is  directly  over 
the  conductor,  rise  again  to  previous' maximum 
as  the  conductor  i&  "passed,  and  then  decrease 
slowly.  If  the  exploring  is  done  in  the  proximity 
of  a  power  line,  most  of  the  tone  heard  may  be 
the  result  of  induction  from  the  line. 

Tracking  Conductor  by  Use  ot  * 
Test  Set  1-51 

If_there^s^oo^much  disturbance  from  the 
power  line,  or  if  the  tone  volume  is  inadequate, 
the*  stray  current  method  will  not  be  effective. 
Under  such  conditions  the  locating  and  tracing 
of  a  cable  can  generally  be  facilitated  by  using 
Test  Set  1-51  as  a  source  of  tracing  current. 
The  test  set  is  placed  as  far  as  possible  from 
the  conductor  at  the  point,  of  tracing.  The  set 
may  then  be  connected  in  any  one  of  three  ways, 
depending  j>n  the  distance  to  be  covered  and  the 
accessibility  of  the  conductor  to  be  located.  Re- 
gardless of  the  method  of  construction,  inter- 
mittent tone  should  be  used  in  the  sefT* 

When  the  conductor  to  be  traced  is  relatively 
short  and  is  accessible  at  two  points*,  as  shown 
in  figures  4-49  and  4-50  (one  on  each  side  of  the 
area  in  question),  it  is  advisable  to  connect  the 
set  directly.  The  connection  is  made  with  insu- 
lated wire3  which  are  attached  to  terminals  3 
and  4  of  the  set,  and  are  placed  on  the  ground 
in  such  a  way  that  they  will  not  parallel  the 
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Figur-j  4-49.— Tracing  buried  cable  conductor  ' 
with'  test  set  I-51,~underground  dip. 
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Figure  4-50.— Tracing  cable  conductor  in  under- 
ground subsidiary  with  test  set  1-51. 


conductor  in  the  area  where  the  location  is  made. 
Intermittent  tone  should  be  used.  • 

•When  the  conductor  to  be  traced,  is  accessible 
at  one  point  and  the  approximate  location  is 
known  at  another  point,  the  tracing  current  can 
be  applied  as  illustrated  in  figure  4-51.  Install 
the  ground  rod  5  to  20  feet  from  the  cable.  Con- 
nect the  set  to  the  conductor  and  rod  as  described 


 _f  except  that  a  number  3  bridging  con- 
nector maybe  used  to  attach  the  lead  to  the, 

/  If  the  conductor  to  be  traced  isnpt-atcessi- 
ble  and  the  approximate  IgsattotflsTknown,  in- 
stall one  ground  rod-close  to  the  conductor  (5  to 
/  20  f eet)^i)d«f6tber  ground  about  50  feet  from 
t^MirStgropnd  rod  and  in  a  line  approximately 
-^at  right  angles  to  the  conductor  (fig;.  4-52).  XU 
the  approximate  location  of  the  conductor  is  not 
known,  the  separation  between  the  rods  should 
be  about  100 feet.  If  a  power  line  is  in  the  vicinity' 
of  the  conductor,  place  the  rods  on  the  power- 
line  side  of  the  conductor.  Drive  the  rods  ap- 
proximately 2-1/2  feet  into  the  earth;but  where 
the  soil  is  loosely  packed  or  contains  many 
small  stones,  drive  the  rods  deeper,  or  move 
them  to  another  location  where  the  soil  condi- 
tions are  more  favorable.  If  the  separation  be- 
tween rods  is  not  over  50  feet,  make  location 
tests  at  a  point  not  less  than  100  feet  from  the 
rods.  Within  this  area  a  strong-  tone  will  be 
heard,  but  the  location  will  not  be  reliable. 
Where  the  separation  is  more  than  50  feet,  the 
restricted  area  extends  about  200  feet  from  the 
conductors.       *  < 
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Figure  4- 51  .—Tracing  accessible  conductor  with 
test  set  1-51  and  one  ground  rod. 
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Figure  4-^2.— Tracing  inaccessible  conductor 
with  test  set  1-51  and  two  ground  rods. 


Locating  Conductors 

To  locate  conductors,  stand  at  a  point  that  is 
believed  to  be  near  the  cable  or  conductor  (on 
the  side  away  from  any  power  line,  if  there  is 
one  near  by).  Hold  the  exploring  coil  in  a  hori- 
zontal position  and  rock  it  slowly  around  a 
horizontal  axis  which  is  considered  parallel  to 
*  the  conductor,  as  shown  in  figure  4-53,  until  a 
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Figure  4- 53. -Getting  general 
location  of  buried  cable. 


After  this  general  location  of  the  conductor 
has  been  determined,  the  following  procedure 
is  used  to  determine  the  exact  location.  -Start- 
ing at  the  point  where  the  tone  is  first  heard 
and  with  the  coil  held  in  a  horizontal  position, 
the  volume  of  the  tone  heard  will  rise  gradually 
to  a  maximum  as  the  conductor  is  approached 
(fig.  4-54),  suddenly, fall  to  a  low  value  when  the 
coil  is  directly  over  the  buried  conductor,  rise 
again  to  the  previous  maximum  as  the  conductor 
is  passed,  and  then  decrease  slowly. 

A  further  check  on  the  direction  of  the  cable 
run  can  then  be  made  by  holding  the  exploring 
coil  in  a  vertical  position  and  then  rotating  the 
coil  around  its  vertical  axis.  When  the  tone  is 
ata  minimum,  the  plane  of  the  coil  is  perpendic- 
ular to  the  conductor.  When  the  tone  is  at  a 
maximum,  the  plane  of  the  coil  is  parallel  to 
the  conductor.  - 

A  check  may  be  made  by  holding  the  coil  in 
a  vertical  position,  with  the  plane  of  the  coil 
parallel  to  the  conductor,  and  again  walk  across 
the  conductor.  The  tone  volume  will  rise  as  the 
conductor  is  approached,  reach  a  maximum  di- 
rectly over  the  conductor,  and  then  decrease  as 
the  conductor  is  passed  (fig.  4-54). 

TELEPHONE  TEST  SET  AN/PTM-5 


tone  is  heard.  K  no  tone  is  heard,  move  to  other 
positions  in  the  general  vicinity  of  the  suspected 
location  of  the  cable,  until  a  tone  is  heard.  This 
verifies  the  fact  that  you  are  In  within  40  feet 
(approximately)  of  the  cable.   (See  fig.  4-54.) 


VARIATION  IN  TONE  VOLUME  WITH 
DISTANCE  FROM  CONDUCTOR 
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Figure  4-54,— Tone  volume  yersus  position  of 
coil  and  distance  from  cable,  ' 

/  - 


Telephone  test  set  AN/PTM-5  (fig.  4-55)  is 
a  portable,  lightweight,  battery  operated  cable 
splicer's  test  set  that  will  detect  and  amplify 
weak  tone  signals.  The  test  set  is  used  to  iden- 
tify single  leads  or  pairs  in  a  cable  without 
breaking  the  individual  conductor  insulation.  It 
can  be  used  with  either  a  test  probe  or  an  ex- 
ploring coil. 

The  instrument  consists  of  an  AUDIOFRE- 
QUENCY AMPLIFIER,  ELECTRICAL  ASSEM- 
BLY, HEADSET,  belt  clip,  carrying  strap,  case, 
and  associated  spare  parts  (fig.  4-55). 

Additional  Equipment  Required 

The  following  equipment  is  not  supplied  as 
part  of  the  AN/PTM-5,  but  is  required  for  all 
types  of  operation  of  the  test  set. 

(1)  One  battery  BA-261/U  (22-1/2  volts). 

(2)  Two  batteries  BA-58  or  one  battery 
BA-272/U  (1-1/2  volts). 

(3)  An  audio  oscillator  with  an  output  fre- 
quency of  approximately  500  hertz  is  re- 
quired as  a  tone,  source.  .  . 

When  the  test  is  use^with  an  exploring  coil 
(such  as  SlgC  stock  no.  3F4316.2),the  following 
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Figure  4-55.-Telephone  test  set  AN/PTM-5. 
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additional  equipment  is  required  to  connect  the 
exploring  coil  to  the  test  set. 

(1)  Cord  (Sg  C  stock  No.  3E8000-72:2). 
.    (2)  Plug(Federal  stock  No.  5935-192-4774). 

Audiofrequency  Amplifier  AM-984/U  4 

The  AM-  984 /U"  (amplifier)  is  contained  in  a 
gray  metal  box.  Operating  controls  (fig.  4-56) 
are  mounted  on  the  plastic  front  panel.  '  A  belt 
clip  can  be  secured  toth*  amplifier  case  by  snap 
•fasteners  on  each  side  of  the  amplifier  case. 
The  operating  controls  and  jacks  (fig.  4-56)  per- 
form the  following  functions.  The  INPUT  jack 
connects  a  probe  or  exploring  coil  to  the  input  of 
the  amplifier.  The/lEC  (receive)  jack  connects 
the  amplifier  output  to  the  headset.  The  PROBE- 
COIL  switch,  when  turned  to  the  PROBE  posi- 
tion, connects  the  INPUT  jack  to  the  amplifier 
through  a  high  impedance  network.  When  it  Is 
in  the  COIL  position,  the  INPUT  jack  is  connected 


to  the  amplifier  through  a  low  impedance  net- 
work. The  VOL  control  adjusts  the  volume  of 
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Figure  4-56.-Amplifier,  front  view. 
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the  amplifier  output  from  MINIMUM  to  MAXI- 
MUM as  it  is  adjusted  from  the  range  0  to  100. 

Electrical  Cord  Assembly  CX-4158/U 

The  CX-4158/U  (test  probe)  consists  of  two* 
conductor  test  cord  terminated  in  a  switchboard- 
type  atone  end  and  a  test  clip  and  the  probe  tool 
at  the  other  end.  The  probe  tool  consisted  a 
bluht  brass  tip  fastened  to  a  fiber  handle* 

Headset  H-147/U  „ 

The  H-147/U  (test  receiver)  consists  of  a 
telephone  receiver  mounted  on  a  headband.  It  is 
5 equipped  with  a  two-conductor  cord  terminated 
on  a  switchboard-type  plug. 

Operation 

Connect  a  tone  source  to  the  cable  in  one  of 
the  three  arrangements,  below,  as  applicable. 

LOCAL  CABLE  OR  CABLE  NOT  IN  USE.- 
Connect  the  tone  source  between  one  wire  or  a 
pair  and  ground  (cable  sheath)  (fig.  4-57A).  . 


PAIRED  TOLL  CABLE.— Connect  the  tone 
source  between  the  wires  of  a  pair  (fig.  4-57B). 

QUADDED  CABLE.— Strap  the  two  wires  to 
each  pair  in  the  quad  together  and  connect  the 
tone  source  between  the  twa^strapped  pairs 
(fig.  4-57C).  f-W  ^ 

If  a  section  of  the  sheath  has  been  removed 
from  the  c&ble,  bond  the  two  ends  of  the  cable 
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Figure  4-57.— Tone  source  connections. 
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Figure  4-58.-TELA  CABLE  Model  262. 


sheath  together  to  prevent  interference  in  the 
amplifier.  Place  the  probe  tip  on  the  cable 
pairs  at  a  right  angle  to  the  cable.  DO  NOT 
TOUCH  THE  PROBE  TIP  WITH  THE  FINGERS, 
AND  DO  NOT  ALLOW  THE  TIP  TO  MAKE 
CONTACT  vWITH  THE  METALLIC  CONDUC- 
TOR. 

Move  the  probe  tip  around  the  outside  of  the 
cable  pairs  to  determine  whether  the  wire  to  be 
located  is  in  the  outside  layer.  If  the  wire  is  m 
the  outside  layer,  a  loud  tone  should  be  heard. 
If  no  tone  is  heard,  push  the  probe  tip  into  the 
cable  at  various  points  until  the  loudest  tone  is 
heard.  Then  separate  the  pairs  and  test  them 
individually. 

TELA  CABLE  Model  262 

Tela  Cable  Model  262  (fig.  4-58)  is  a  portable 
instrument  which  identifies  cables  and  detects 
grounds,  shorts  and  defects  very  quickly  and 
simply.  One  advantage  this'instrument  affords 
is  thattesttng  is  accomplished  by  using  one  man 
rather  than  the  time-tested  method  of  using  two 
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Figure  4-59.— Test  probe. 
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men  with  an  elaborate  procedure  of  communica- 
tions between  the  two. 

~Tfcrinstrument  sends  out  pulsating  signals 
which  are  received  by  a  test  probe  (fig.  4*59). 
The  number  of  pulses  seen  visually  identify  each 
wire  of  a  cable  when  appropriate  hookup  is  made. 
Figure  4-60  illustrates  how  as  many  as  30  wires 
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Figure  4- 60. -Checking  30  wires  with 
TELA  CABLE. 


or  cables  can  be  checked  using  only  the  ten 
binding  posts  on  the  instrument. 

The  procedure  f op  using  the  instrument  is 
simple.  Connect  the  test  lead  from  the  termi- 
nal marked  COM  on  the  instrument  panel  to  one 
of  the:  following:  conduit,  metal  raceway,  shield 
wrapped  around  cable,-  or  any  other  grounded 
equipment  in  the  vicinity.  Connect  wires  to  be 
tested  to  binding  posts  1  through  10. 

Check  for  Grounds 

^Tb  check  for  grounds,  turn  the  IDENTIFY-- 
OFF-SHORTED  switch  (fig.  4-58)  to  position 
marked  SHORTED.  This  turns  the  instrument 
cn.  Rotate* the  CABLE  SELECTOR  switch 
through  positions  1  to  10. 

If  a  GROUND  is  present,  the  indicating  light 
will  come  on  immediately  and  stay  lighted.  The 
position  of  the  CABLE  SELECTOR  switch  will 
identify  what  circuit  or  wire  has  the  GROUND. 
H  the  instrument  light  flashes  -on  and  off,  this 
indicates  that  the  signal  has  reached  its  point 
of  termination  and  returned  safely  without  being 
shorted  or  grounded  out. 

Identifying  Wires  and'Cables 

To  identify  wires  and  cables,  turn  the  IDEN- 
TIFY-OFF-jSHORTED  switch  tp  IDENTIFY  with 
the  wires  still  connected  to  the  instrument.  This 
removes  the  CABLE  SELECTOR  switch  from 
the  circuitry.  Go, to  the  points  where  the  wire 
is  terminated.  The  small  test  light  furnished 
(fig.  4-61)  has  two  leads.  Ground  one  lead  to  the 
metal  raceway  or  equipment  ground  in  the  vicin- 
ity. Connect  the  other  end  of  the  light  to  the  un- 
identified wire.  When  appropriate  hookup  is 
made,  count  the  number  of  impulses  being 
emitted,  ft  will  correspond  with  the  numbers  at 
the  other  end  automatically.  Mark  or  otherwise 
identify  your  cable. 

Wait  for  the  short  pause  between  cycles  and 
then  begin  counting.  NOTE:  This  instrument 
must  be  used  on  dead  circuits  or  cables  only. 
Be  sure  that  all  power  is  removed  from  the 
cables  to  be  checked  before  applying  this 
instrument. 

CARE  OF  INSTRUMENTS 

The  instruments  which  have  been  described 
are  delicate  precision  instruments  which  must 
be  protected  from  damage  causing  erratic  or 
inaccurate  readings.    Replacements  are  not 
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Figure  4-61.— Identifying  wires  and  cables. 


always  available,  and  there  is  always  delay 
when  an  instrument  must  be-  sent  for  shop  over- 


,  haul  or  repair.  Even  more-  hazardous  is  the 
possibility  that  an  instrument  may  be  damaged, 
so  as  to  cause  inaccurate  readings,  without 
anyone  being  aware  of  the  fact. 

The  accuracy  of  a.c.  instruments  may  be 
affected  both  mechanically  and  electrically. 
Mechanical  factors  include  excessively  high  or 
low  temperature,  moisture,  corrosion,  dirt, 
vibration,  shock,  poor  mechanical  balance,  and 
bending  or  warping  of  pointer  or  scale.  Elec- 
trical factors  include  variations  in  voltage  or 
frequency,  variation  in  power  factor,  abnormal 
jwave  forms,  electrostatic  deflections,  and  (par- 
ticularly) overloading. 

Remember  that  the  information  given  in  this  * 
chapter  is  intended  "to  help  you  to  use  these  in- 
struments to  advantage  and  care  for  them 
properly— NOT.  to  enable  you  to  adjust  or  repair 
them.  The  case  of  an  electrical  measuring  in- 
strument, either  switchboard-mounted  or  port- 
able?* must  never  be  opened  except  by  a  qualified 
repairman.  However,  you  are  responsible  for 
proper  handling  and  maintenance. 
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,    CHAPTER  7  .  . 

INTERIOR  WIRING 


At  any  Navy  base, the  electrical  system  con- 
sists of  three  parts:  the  power  plant  that  sup- 
plies the  electrical  power,  the  distribution 
system  that  carries  the  electrical  current  from 
the  generating  station  to  the  various  buildings, 
and > the  interior  wiring  systems  that  feed  the 
electr  ical  power  to  the  appliances  and  equipment 
within  a  buildii*.      ■  .  , 

As  defined  here,  interior  wiring  begins  at  the 
point  where  the  distribution-systems  service 
leads  are  connected  to  the  wirier  from  within 
the  building  and  extends  through  each  circuit  of 
the  building's  interior  wirii*  to  the  last  fixture 
installation.  w 

The  interior  wiring  system  must  meet  two 
essential  requirements:  it  must  be  safe  for  per- 
sonnel and  *e  appliances  i*serves,and,further, 

,  must  be  capable  of  serving  these  appliances 
properly  for  as  long  as  necessary. 

In  this  chapter,  we  will  discuss  your  responsi- 
bilities in  meeting  various  code  and  specifica- 

'.  tion  requirements  and  a  variety  of  techniques  to 
install  and  repair  interior  wiring  safely. 

SPECIFICATIONS  AND  REQUIREMENTS 

All  Navy  electrical  installations  ashore  must 
conform  to  rigid  standards  and  specifications. 
What  are  these  standards?  What  are  these 
specifications,  and  where  does  one  find  out  about 
them? 

We  learned  in  an  earlier  chapter  the  problems 
that  existed  when  draftsmen  did  not  use  the  same 
symbols  for  representing  certain  items.  This 
lack  of  uniformity  applies  to  many  different 
manufactured  products  and  components. 

Various  engineering  groups,  committees, 
standardization  boards ,  and  government  agencies 
have  made  and  are  still  in  the  process  of  making 
tremendous  contributions  to  standardization. 
These  specifications  and  standards  might  include 
the  physical  aspects, sizes,  ratings,  tolerances, 
test  methods  and  evaluation  techniques,  identifi- 
cation and  packaging  among  other  criteria  too  nu- 
merous to  mention.  The  results  achieved  by  rigid 
standardization  and  specifications  include  econ- 
omy of  production  and  substitution  capability. 


Although  various  industry  and  government 
agencieshave  developed  many  specification^  and 
standards,  to  a  great  extent  the  military  has 
established  its  own  MIL-STDs  and  MIL-SPECs, 
which  are  frequently  more  rigid,  so  that  the 
components  can  work  in  severe  environmental 
and  usage  conditions.  ^ ; 

NAVFAC  SPECIFICATIONS 

CE's  are  required  tofollowthe  specifications 
devised  by  the  Naval  Facilities  EngineeringCom- 
mand  when  any  work  involving  electrical  ap- 
paratus, distributing  systems  and  wiring  is  con- 
cerned. The  latest  guide  in  these  areas  is 
NAVFAC  9Yi(ElectricalApparatus,Distributing 
Systems,  and  Wiring,  Feb.  1968).  Refer  to  this 
guide  for  any  information  regarding  any  installa- 
tion or  modification  of  electrical  equipment. 
Remember,  that  many  specifications  are  altered 
periodically  and  you  must  check  to  see  that  you 
use  the  most  current.         -       -~  ~ 

It  is  important  to  remember  that  MIL-STDs  * 
federal  specifications  and  those  standards  and 
specifications  developed  by  the  various  commit- 
tees, boards  and  codes  usually  apply  only  to 
specific  components.  NAVFAC.  specifications, 
however,  are_  all-inclusive  aiid  advise  you  of 
those  specifications  (MIL-STD,  federal,  or 
commercial)  you  must  use  for  particular  appli- 
,  cations.  For  example,  NavFac  9Yi  refers  fre- 
quently to  the  National  Electrical  Code  (NEC). 

Incidentally,  NAVFAC  42Y,  which  refers  to 
specifications  to  be  used  for  electrical  acces- 
sories is  also  of  importance  to  CEfs. 

NATIONAL  ELECTRICAL  CODE 

The  NATIONAL  ELECTRICAL  CODE  (NEC) 
is  prepared  and  published  every  three  years  by 
the  National  .  Fire  Protection  Association.  Its 
purpose  is  to  safeguard  personnel  and  buildings 
and  their  contents  frpm  hazards  arising  from  the 
use  of  electricity.  "  ° 

How  does  this  code  minimize  the  dangers- 
mentioned  above?  Briefly,  the  NEC  descHbes: 
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»  a  variety  of  wiring  methods  and  materials, 

•  techniques  for  wiring  designand  protec- 
tion, 

•  requirements  of  general  and  special  equip- 
ment, 

•  special  conditions  and  occupancy  informa- 
tion,  and 

•  a  variety  of  tables  and  examples  for  calcu- 
lations. ' 

This  wealth  of  information  provides  construction 
electricianswithastrictly-to-be-observedguide  , 
that  experience  has  shown  will  minimize  elec- 
trical hazards  to  personnel  and  buildings. 
'    If  there  is  a 'disparity  between  the  National 
Electrical  Code  and  NavFac9Yi,NavFac9Yi  as- 
sumes precedence.  Navy  requirements  will'  be\ 
more  rigid. 

«  -Learn  the  organization  and  contents  of  Jhe 
NEC- Such  knowledge  will  prove  useful  to  you 
throughout  your  career  as  a  Construction 
Electrician.  As  you  progress  in  rank,  you  may 
be  required  to  teach  courses  on Jts  contents. 


CONDUCTORS 

Electrical  conductors  generally  consist  of 
drawn  copper  or" aluminum  formed  into  a  wire. 
They  provide  paths  for  the  flow  of  electric  cur- 
rent and  usually  have  insulating  material  (fig. 
7-1)  encasing  the  metal.  The  insulation  mate- 
rial is  provided  to  minimise  short  circuits  and 
for  the  protection  of  personnel.  Atmospheric 
conditions,  voltage  requirements,  and  environ- 
mental and  operating  temperatures  are  factors 
considered  in  the  selection  of  the  type  of  insu- 
lating material. 


SINGLE  C0(NDUCTORS 

A  conductor  may_  consist  of  a  single  solid 
wire  or  combination  of  a  number  of  solid  wires 
(stranded)  which  are  not  insulated-  from  each 
other  and  share  in  carrying  the  total  current. 
Stranded  conductor  has  the  advantage  of  being 
morfe  flexible  than  solid  conductor,  making  it 
more  adaptable  for  pulling  through  bends  in 
conduit.  ^y;: 

Conductors  vary  in  diameter.  Wire  manu- 
facturers have  established  a  numerical  system, 
called  the  American  Wire  Gage  (AWG)  standard. 
Table  8  of  the  NEC  or  page  -127  of  Basic 
Electricity.  NavPers  10086-B  show  how  this 
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Figure  7-1.— Single  conductors. 

numerical  system  eliminates  the  necessity  for 
cumbersome  circular  mil  or  fractional  inch 
diameters  when  describing  wire  sizes.  Notice 
that  the  wire  gage  numbers  increase  from-1 
through  18  as  the  diameter  of  the  wire  decreases. 

The  wire  size  most  frequently  used  for  in.-; 
terior  wiring  is  No.  12  AWG,  used  as  a  solid 
conductor.  Numbers  8  and  6  wires  are  normally 
used- for  heavy  power  circuits  or  as  service  en- 
-  trance  leads  to  buildings. 

The  type  of  wire  used  to  conduct  current  from 
outlet  boxes  to  sockets  inthe  lighting  fixtures  is 
called  "fixture"  wire.  It  is  usually  size  16  or  18 
AWG,  stranded  for  flexibility. 


CABLES 

A  cable  is  an*  assembly  of  two  or  more  con- 
ductors insulated  from  each  other  with  an  addi- 
tional insulating  or  protective  shield  formed  or 
wound  around  the  group  of  conductors  (fig.  7-2). 


154 


JtUIBEft 

COVEIED  WHES-J 


METALLIC 
ARMORED  CABLE 
(BXJ 


MMft. 
COTTON  COVERED  MAID- 

NONMETAtLIC 
*    SHEATHED  CABLE,. 


LEAD 


LEAD 
SHEATHED  CABLE 


KUIIEft 

COVERED  WlftES- 

ftUBIEft  TAPE- 

ftUBBEft- 
PlllCft 


ftUIIEft 
*A«ft- 


WlftE 

.UNINSULATED 
WlftE 

AftMOft 
.FAIftIC 

•Galvanized  steei  tape 
-asfhatt  impregnated  jute 

ARMORED  PARKWAY    SERVICE  ENTRANCE 
CABLE  CABLE 

73*302 

*  -Figure  7-2.-Multiconductor  cables. 

The  Individual  color  conductors  are  color  coded 
for  proper  identification. 

Non-Metallic  Sheathed  Cable 

This  cable  (fig.  7-2)  is  more  commonly  called 
by  the  trade  name  "Romex."  Older  manufactured 
cable  consists  of  2  or  3  conductors,  insulated 
with  rubber  or  thermoplastic /with  paper  or  jute 
insulation  wound  over  the  rubber  or>thermo- 
plastic,  and  sin  overall  braid  covering  the  com- 
bined conductors.  This  type  of  cable  comes 
either  with  or  without  a  bare  (uninsulated) 
ground  wire.  The  ground  wire,  if  included,  is 


laid  in  the  interstices  between  the  circuit  con- 
ductors, and  under  the  outside  braid.  Newer 
manufactured  "Romex"  cable  is  required  to 
have  the  ground  wire.  The  ground  wire.is  used 
to  ensure  the  grounding  of  all  metal  boxes  in  the 
circuit,  and  also  furnishes  the  ground  for  the 
grounded-typp  convenience  outlets  which  are 
prescribed  by  specification  9Yi  for  Navy  installa- 
tions. .  Nonmetallic  sheathed  cable  may  not  be 
used  as  service  entrance  cable,  in  garages,  ih 
storage  battery  rooms,  imbedded  in  poured  con- 
crete, or  in  any  hazardous  area. 

Armored  Cable 

Armored  Cable  (fig,  7-2)  (commonly  called 
BX)  is  a  combination  of  1,  2,  3,  or.  4,  insulated 
'  conductors  with  a  wrap  of  paper  over  the  con- 
ductors and  an  outside  coat  of  flexible  gal- 
vanized-steel  armor.  The  flexibility  of  the 
armor  makes  BX  easy  to  bend,  and  the  armor 
serves  as  a -continuous  ground  from  outlet  to 
outlet.  Unlike  rigid  conduit,  BX  cannot  be 
threaded,  so  a  special  type  of  clamp  con- 
nector must  be  used  to  secure  the  cable  to  metal 

outlet  boxes^   '  „\.  —  -  -  — 

"  Armored  cable  and  nonmetallic  sheathed 
cable  are  used  for  temporary  wiring  in-  lo- 
cations (such  as  in  quonset  huts)  in  which  the 
use  of  rigid  conduit  would  be  unfeasible. 

Flexible  Cord 

.  A  flexible  cord  is  made  up  of  two  or  more 
conductors,  each  insulated  from  the  other,  and 
usually  fine-stranded.  Flexible  cord  is  used/ 
for  such  purposes  as  the  connection  of  portable 
lamps ,  tools ,  and  appliances;  for  elevator  cables; 
and  for  the  connection  of  stationary  equipment 
in  which  connections,  must  be  frequently  inter - 
t  changed.  It  must  not  be  used  as  a  substitute  for 
^ fixed  wiring;  or  run  through, holes  in  walls, 
ceilings,  or  floors;  or  run  through  doorways, 
windows,  or  similar  openings.  It  may  not  be 
attached  to  building  surfaces  or  concealed 
behind   building  walls,  ceilings,  or  floors. 

Finally,  flexible  cord  may  be  used  only  in 
continuous  .lengths— meaning  that  splices  or 
taps  in  it  are  forbidden. 


INSULATION 

^  J  Electrical  conductors  are  made  with  such  var- 
ious kinds  of  insulation  as  rubber,  thermoplastic, 
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varnished  cambric,  paper,  glass, silk, asbestos^ 
and  enamel.  However,  as  a  CE,  you  will  be 
concerned  mainly  with  rubber,  thermoplastic, 
varnished  cambric,  and  asbestos,  in^that  order 
of  frequency. 

The  NEC  recommends  insulations  of  various 
kinds  for  use  in  dry, damp, and  wet  locations.*  A 
dry  location  is  one  which  may  become  only 
temporarily  subject  to  dampness  or  wetness. 
A  damp  location  requires  moisture-resistant 
insulation  because  it  is  subject  to  a  moderate 
degree  of  moisture.  Underground  installations, 
those  in  concrete  slabs,  masonry,  in  direct 
contact  with  the  earth, or  those  areas  subject  to 
saturation  with  water  or  other  liquids  are  con- 
sidered wet  locations.  Such  locations  require 
either  rubber  covered  types  (RHW  or  RUW), 
thermoplastic  (type  TW,  THW,  THW*I)K  cross- 
linked  ther mo  setting  polyethylene  (t^eXHHW), 
lead,  covered  aluminum  sheath  (type  ALS), 
mineral  insulated-metal  sheathed  (type  MI),  or 
a  type  approved  for  the  purjqseTJIhe-diffewnt^ 
^insulations^iistetTabove  have  various  maximum, 
temperature  ratings.  Check  the  NEC  to  be  sure 
ycm  are  using  the  appropriate  insulation,  for  the 
location  and-  temperatures  in  which  the  conduc- 
tors will  operate. 

Typfe  RH  is  a  heat-resistant  compound  which 
will  stand  higher  temperatures  than  type  R.  The 
maximum  temperature  for  RH  is  167°F.  It  is 
used  in  dry  locations. 

Type  RHW  is  a  moisture-resistant  rubber 
compound  for  use  where  the  wire  may.  be  sub-* 
ject  to  wet  conditions.  The  maximum  tempera- 
ture .rating  is  167 °F.  RHW  is  used  in  both  wet 
and  dry  locations. 

Type  RUH  is  a  very  high  grade  rubber  com- 
pound, consisting  of  90percent  grainless  rubber 
.  known  as  Latex  rubber.  This  type  fs  often  used 
for  direct  burial  in  dry  locations.  Maximum 
temperature  rating  is  140°F. 

Common  grades  of  thermoplastic  insulation 
are  type  T,  type  TW,  and  type  TA. 

Type  T  is  suitable  only  for  dry  locations  with 
maximum  temperature  of  140°F. 

TypeTW  is  moisture  resistant.  Again  maxi- 
mum temperature  rating  is  140°F. 

Type  TA  is  a,  thermoplasticrasbestos  com- 
>  pound  which  combines  the  characteristics  of 
Type  T  and  type  TW,  and  has  a  maximum 
temperature  rating  of  194°F.  Its  use  is  re- 
stricted to  switchboard  wiring.  ^ 

Thermoplastic  insulation-has  the  advantages 
of  long  life,  toughness, and  a  dielectric  strength 
(that  is,  a  capacity  for  insulating)  equal  to  that 


of  rubber.  It  requires  no  protective  covering*- 
over  the  insulation.  ■  .  - 

Varnished  cambric  insulation  is,  in  most 
respects,  midway  between  rubber  and  paper  in 
insulating  quality.  It  is  more  flexible  than  paper 
but  not  as  flexible  as  rubber.  Its  dielectric 
strength  is  greater  than  that  ot  rubber,  but  not 
as  great  as  that  of  impregnated  paper.  Var- 
nished cambric  insulation  is#not  adversely  af- 
fected by  ordinary  oils  and  greases.  It  is 
made  in  two  types:  Hhe  "standard"  with  a 
black  finish,  and  the  •'heat-resisting"  with  a 
yellotf  finish.  It  is  used,  on  motor  leads, 
transformer  leads, f and  high-voltage  cables. 
Its  use  is  restricted*  to  dry  locations. 

Asbestos  insulation  has,  as  the  name  im- 
plies,'the 4  highest  capacity  for  resisting  heat. 
Consequently,  it  is  used Jor  temper atures  be- 
yond the  maximum  limits  set  for  other  types  of 
insulation.  However,  it  is  not  satisfactory  for 
damp  or  wet  locations, and  is  limited  to  a  maxi- 
mum of  300  volts. 

SIZE,  NUMBER,  AND  AMPACITY 

The  wire  size  most  frequently  used  for  in- 
terior wiring  is  No.  12  AWG,  used  as  a  solid 
'copper  conductor.  Table  310-13  of  NEC, 
column  2,  shows  the  allowable  ampacity  of  a 
single  conductor  in*  free  air,  No.  12AWG,.(for 
types  RUW,  T,,  and  TW  insulation)  to  be  25 
amperes..  However,  the  minute  that  conductor 
is  not  alone  in  free  air, and  is  placed  in  a  Race- 
way, "able  or  direct  burial,  you  can  see,  by 
refenuig  to  Table  310-12,  that  its  ampacity  is 
reduced  to  20  amperes,  provided  that  not  more 
than  three  conductors^  are  in  the  raceway  or 
cable.  What  happens  if  more  than  three  conduc- 
tors are  in  the  raceway  ponduit,  or  cable?  The 
following  table  indicates,  the  reduced  ampacities 
for  a  variety  of  numbers  of  conductors  in  such 
a  situation. 


Number  of 
conductors 
♦ 

4  to  6 

7  to  ~24 
25  to  42 
43  and  over 


Percent  of  normal 
current-carrying 
capacity 

80 
70 

60  . 
"50 


Suppose, now, that  you  have  four  to  six  No.  12 
wires  in  a  conduit.  The  allowable  ^current- 
carrying  capacity  would  be  only  80  percent  of 
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♦"normal,",  or  16  amps.  To  ensure  a  current- 
carrying;  capacity  of  20  amps, you  would  have  to 
use  NoJ  10  wire.which  has  a  "normal"  current- 
capacity  of  30  amps,  80  percent  of  which  is  24 
amps.  -  -  1 


NEUTRAL  WIRE 


•'To  understand  the  purpose  of  aneutral  wire, 
bear  in  mind  that  the  path  traveled  by  electricity 
is  always  from  source  around  the  circuit  and  back 
to  source:  As  rthe  current  follows  this  path,  it 
energizes  the  fixtures  and/or  appliances  that  are 
connected  into  the  circuit.  You  can  see,  there- 
fore,how  essential  it  is  to  ensure  current  return. 

Generally  speaking,  the  fixtures  can  be' con- 
sidered as  resistances  in  series  with  the  hot 
wires.  In  a  balanced  circuit,  one  hot  wire  car- 
ries the  current  to  the  load,  wh|le  the  other 
carries  it  back  to  the'source. 

*  ;  The.  neutral  wire  ensures  current  return  in- 
an  .UNBALANCED  circuitras  shown  in  figure 

v-  7-3.  Here  there  are  two  hot  wires  knia  neutral. 
There  are  three  lamps  connected  across  one  hot 
wire  and  the  neutral,  and  five  lamps  connected 
acrossthe  otherhotwire  and  the  neutral.  These 
lamps  occasion  a  current  flow  of  approximately 
1  ampere  per, lamp.  It  follows  that  the  flow  is 
5  amps  in  one  phase  and  3  amps  in  the  other- 
meaning  that  the  cftcuit  is  unbalanced,  with  an 
unbalanced  load  of  5  minus  3,  or  2  amps. 

♦  If  each  phase  carried  only  three  lamps,  the 
circuit  would  be  balanced.  But  because  there 
are  two  extra  lamps  in  one  phase,  the  neutral 
wire  must  pick  up^the  extra  load  and  return  .it 
to  the  source. 

Why  must  the  neutral  have  the  same  sifce  as 
the  hotwires?  In  this  case,  with  all  the  lamps 
on,  it  must  handle  only  2  amps,  whereas  the  hot 
wire  in  phase  B  must  hstndle  5  amps.  Well,  if 
you  think  about  it  you  will  realize  that  if  the 
lamps  in  phase  A  were  all  turned  off,  the  neutral 
would  have  to  handle  the  full  5 -amp  return  from 
phase  B. 

A  motor  in  a  circuit  usually-  causes  an 
unbalanced  circuit.  A  motor  operating  on  220 
volts  single -phase  does  not  have  a  neutral  wire 
to  aid  the  balance.  Therefore,  when  a  motor  of 
this  type  is  connected  across  two  phases,  the 
other  phase  should  be  given  enough  extra  light- 
ing load  to  balance  the  load  as  nearly  as  possible. 
Perfect  balance  is  possible  in  theory,  but  not 
in  actual  practice. 

With  a  4-wire  system,  one  neutral  wire  can 
be  used  for  three  circuits,  provided  the  three 


are  connected  to  opposing  phases.  Never  use 
one  neutral  wire  for  two  circuits  connected  to 
the  same  phase.    •  \  * 

The  NEUTRAL,  wire  in  a  wiring  .  system 
must  not  Be  confused  with  the  equipment  ground 
wire.  The  neutral  wire  should  have  white  or 
light  grey  irisulation;  *e  equipment  ground 
wire,  if  insulated,  will  always  have  green  in- 
sulation.  However,  an  equipment  ground  wire 
may  be  uninsulated.     \        ,.  '  9  ' 

In;  a  4-w,ire  system  (fig/  7-4),  one  of  the 
wires  is  always  a  nejiti^al  wire,  but  in  a  3- 
wire  system  there- may  or  may  not  be.a  neutral 
wire.  In  a  3 -wire  system  you  may  have  a 
three-phase  circuit  (3  live  or  "hot"  tfir£s),  or 
you  may  have  a  single-iphase  circuit  (2  hot 
wires  and  a  neutral).  ;  * 

INSTALLING  THE  SERVICE 

-The  term  "service"  means,  in^generai;  the 
electrical  system  which  brings  the  power  from 
the  pole  or  other  point  on  thp  power  line  to  the 
*  point  in  the  building  from  which  it  is  to  be  dis- 
tributed to  the  building  circuits. 

The  service  for  a  building  consists  of  two 
parts:  the  service  conductors,  and  the  service 
equipment.  The  service  conductors  are  divided 
into  service  "drop"  conductors  and  service 
"entrance"  conductors.  The  slervice  drop  con- 
ductors are  those  conductors  which  are  runfrom 
the  pole  to  the  building.  The  service  entrance 
conductors  are  those  conductors  which  connect 
the  drop  coriductors  at  a  point  outside  the  build- 
ing and  must  be  run  in  rigid  conduit  to  the  serv- 
ice equipment  inside  the  building  According  to 
NavFac  specification  9Yi. 

The  servijee  equipment  consists  of  such  de- 
vices as  circuit-6reakers,  switches,  fuses,  and 
their  accessories,  located  near  ,  the  *  point  of 
entrance  of  the  supply  conductors  to  a  building, 
and  constituting  the,  main  control  and  means  of 
cutoff  fqr^tl|$  electrical  supply  to  that  building. 

SERVICE  DROP  CONDUCTORS 

Service  drop  conductors  may  consist  of  an. 
approved  multiconductor  cable  or  they  may  be 
qpen  single  conductors.  In  either \  case  they 
must  have  thermoplastic,  rubber,  or.other  type 
of ,  weatherproof  insulation,  except  .  that  a 
grounded  conductor  may  be  uninsulated  if  the 
maximum  voltage  to  ground  of  any  conductor 
does  not  exceed  300  volts.  The  current  ^carrying 
capacity  of  the  service  drop  conductors  must  be  . 
sufficient  to  ensure  that  ample  current,  for  the 
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prospective  maximum  load  may  be  conducted 
without  a  temperature  rise  high  enough  to  dam- 
age the  insulation.  Obviously,  the  conductors- 
must  also  have  adequate  mechanical  strength. 
''The  National  Electrical  Code  specifies  No.  8 
awg  wire  as  the  minimum  size,  except  that-  in 
special  cases  No.  12  may  be  used. 

SERVICE  ENTRANCE  CONDUCTORS 

Service  entrance  conductors  in  the  Navy 
are  single  conductors  run  in  rigid  conduit; 
in  civilian  construction  they  may  consist  of  an 
approved  type  of -service  entrance  cable.  Con- 
ductors also  must  have  rubber  or  thermo- 

*  plastic  insulation,  except  that  a  grounded 
conductor  may  be  uninsulated  if  the  maximum 
voltage  to  ground  of  JUiy  conductor  does  not  ex- 

.  ceed  300  vtyts\ "  . 

The  National  Electrical  Code  specifies  No.  6 
awg  wire  as  the  minimum  size  conductor  to  be 
used  for  service  entrance,  except  that  in  special 
cases  and  by  special  permission  No.  8  wire  may 
be  used.  For  a  Navy  man,  special  permission 
means  that  of  higher  authority.  In  civilian  work 
(in  most  civilian  communities  the  National 
Electric  Code  has  been  incorporated  into  the" 
building  laws)  it  means  that  of  the  community's 
.  building  inspectors. 

Table  1  of  NEC  indicates  the  maximum 

f  ^number  of  conductors  of  a  given  size  to  be  used 


in  rigid  conduit  for  new  work.  Let's  assume  you 
are  going  touse  No.  6  wire  with  Type  THWN  in- 
sulation. Using  three  wires  (the  normal  number 
for  service  entrance)  you  see  that  you  can  use 
•  1  inch  conduit.  The  conduit  must  be  continuous 
from  the  weatherhead  (point  where  the  wires 
enter  the  conduit)  to  the  entrance  switch  except 
when  a  condulet  (fig.  7-5)  is  used  in  place  of  a 
bend. 

-  The  conductors  must  be  continuous  from  the 
weatherhead  outside  the  building'  to  the  con- 
nections in  the  entrance  service  switch-mean- 
ing th*t  no  splices,  between  these  points  are 
allowed.  However,  a  connection  is  permitted, 
when  properly  enclosed,  where  an  underground 
service  conductor  enters  a  building  and  is  to 
be  extended  to  the  service  or  meter  in  another 
form  of  approved  service  raceway  or  service 

^When  the  service  is  run  underground,  the 
conduit  must  be  continuous  from  the  pole  or 
underground  .vault  to  the  service  switch.  If 
the  conduit  enters  the  building  through  a  con- 
crete floor,  a  conduit  coupling  will  be  installed- 
in  the  conduit  line  with  the  top  of  the  coupling 
flush  with  the  finished  floor  surface.  The  ad- 
vantage of  this  is  that  spare  conduits  can  be  in- 
stalled in  the  concrete  floor  and  a  plug  screwed 
into  the  coupling,  making  a  flu&h  job.  Also,  if 
the  wiring  were  to  be  removed  for  some  reason, 
the-  open^  conduit  could  be  removed  from  the 
coupling  a*i  a  plug  screwed  into  the  same. 


ENTRANCE  SWITCHES 

The  disconnecting  device  used  as  a  service 
entrance  switch  provides  a  means  of  discon- 
necting the  service  conductors  from  the  supply 
source!  It  may  -consist  of  a  single  manually 
operated  switch  or  circuit  breaker.  It  must  be 
a  type  Which  plainly  shows  whether  the  contacts 
are  in  an  open  (OFF)  or  closed  (ON)  position,  as 
illustrated  in  figure  7-6. 
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Figure  7-5.— Service  entrance  with  condulet. 

The  neutral  conductor  must  not  be  run 
straight  through  the  service  switch  t  without  a 
means  of  disconnection.  Therefore  a  screw 
or  bolted  lug  on  tip  neutral  terminal  block 
should  be  provided  for  disconnecting  the  neutral 
conductor  from  the  interior  wiring  system. 

The  NEC  sets  a  minimum  size  for  entrance 
switches  at  60  amp  for  the  fuse  type  and  50 amp 
for  the  circuit  breaker  type.  A  circuit  breaker 
is  a  protective  device  which  automatically 
opens  the  circuit,  rather  than  burning  out  like  a 
fuse,  when  the  amperage  exceeds  that  rated  for 
the  circuit  breaker. 

However,  the  NEC  recommends  a  minimum 
size  of  100-amp  service  for  individual  resi- 
dences. An  exception  is  that  where  not  more 
than  .two  2 -wire  branch  circuits  are  installed, 
a  30-amp  entrance  switch  may  be  used. 

No  overcurrent  device  may  be  inserted  in 
a  grounded  conductor  except  a  circuit  breaker  ' 
which  will  simultaneously  open  all  conductors 
of  the  service.  EVERY  ungrounded  conductor 
must  be  provided  with  overcurrent  protection. 

Switches  used  for  entrance  equipment  must 
be  of  a  type  approved  for  such  use.  An  ap- 
proved type  is  usually  a  quick  make-and -break 
type  with  an  interlocked  cover  which  can't  be 
opened  when  the  switch  is  in  ON  position.  The 
service  conductors  shall  be  connected  to  the 
disconnecting  device  by  pressure  connectors, 
clamps,  or  other  approved  means;  but  a  solder 
lug,  or  other  type  of  soldered  connection,  must 
not  be  used. 


DISTRIBUTJ&*f-PANELS 

A  panelboard  is  defined  by  the  NEC  as  "a 
single  panel  or  group  of  panel  units  designed  for 
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Figure  7-6.— Entrance  switch  showing  open 
v  and  closed  markings. 

assembly  in  the  form  of  a  single  panel  including 
buses  (buses  and  busways  are  explained  in 
Articles  364  and  384-21  of  the  Code)  and  with  or 
without  switches  and/or  automatic  overcurrent 
protective  devices;ior  the  control  of  light,  heat, 
or  power,  circuits  of  small  individual  as  well 
as  aggregate  capacity,  designed  to  be  placed  in 
a  cabinet  or  cutout  box  and  placed  in  or  against 
a  wall  or  partition  and  accessible  only  from  the 
front." 

As  a  Construction  Electrician  you  will  be 
concerned  mostly'with  the  '•breaker!1  type  panel 
for  both  light  and  power1  (see  fig.  7-7)*  The 
breaker  type  is  one  wtych  uses  a  thermal  unit 
built  into  the  switch  and  is  preset  at  the  factory 
to  automatically  open  at  a  predetermined  ampere 
setting.  It  may  be  reset  to  the  ON  position  after 
a  short  cooling-off  period. 

Lighting  ^panels  are  normally  equipped  with 
15 -amp  single-pole  automatic  circuit  breakers, 
while  the  power  panels  may  have  1,  2,  or  3 
pole  automatic  circuit  breakers  with  a  capacity 
to  handle  the  designated  load.  Figure  7-8  shows 
a  typical  layout  for  entrance  switch,  lighting 
panel,  and  power,  panel. 

In  most  buildings  the  entrance  switch  and 
panelboards  canbe  mounted  close  to  each  other. 
When  wiring  a  building  that  has  been  built 
previously,  the  best  way  to  mount  the  switch  and 
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Figure  7-7. -Lighting  panel. 


panels  is  to  mount  a  sheet  of  plywood  for  a  back- 
ing board.  The  bo^rd  should  be  large  enough  to 
accommodate  all  of  the  equipment,  be  a  mini- 
mum of  3/4  in.  thick,  and  be  securely  fastened 
to  the  wall  with  wood  screws,  lead  anchors;  or 
toggle  bolts  depending  on  the  type  of  wall.  The 
switch  and  panels  can  then  be  fastened  to  the 
back  board  with  wood  screws. 

If  you  are  working  in  a  newly  constructed 
building  where  only  the  framework  has  been 
erected,  it  will,  be  a  simple  matter  to  arrange 
for  a  concealed  installation.  One  point  to  re- 
member is  that  there  are  two  types  of  switches 
and  panels.  The  recess  or  flush!  type  has  a 
front  flange  that  extends.beybnd  the, edges  of  the- 
cabinet  to  cover  the  rough  edges  around  the 
cabinet  where  the  finish  wall  Has  been  cut.  Also, 
the  flush  type  switch  has  a  front  control  for 
operating  the  switch.  The  surface  type  switch 
and  panel  has  a  front  cover  that  does  hot 
extend  beyond  the  sides  of  the  cabinet, 
and  the  switch  may  be  side-operated  or  front- 
operated.  "  , . 


,  In  locating  panels,  you  must  follow  certain 
basic  requirements*  The  panels  must  be  placed 
where  service  and  maintenance  can  be  easily 
performed;  they  should  not  block  any  passage 
that  is  supposed  to  be  open;  they  must  not  be  in 
a  place  where  they  might  be  exposed  to  corrosive 
fumes  or  to  dampness;  and  they  should  be  located 
as  near  as  possible  to  the  Center  of  the  electrical 
load. 

The  circuits  controlled  at  the'  panelboard 
must  be  clearly  indicated*  List  them  numeri- 
cally, from  top  to  bottom,  with  the  odd  numbers 
on  the  left.  Put  this  list  (called  a  "catalog")  in 
th*  slot  provided  for  it,  as  shown  in  figure  7-7. 
If  possible, provide  for  extra  circuits  in  the  new 
panel  to  accommodate  future  additions. 


WIRING  TROUGHS  m 

Wiring  troughs  are  useful  in  any,  location 
where  a  large  number  of  conduits  enter  a 
panelboard*  .One  large  conduit  can  be  used 
to  carry  a  number  of  conductors  from  the 
panel  to  the  trough  and  smaller  conduits  branch 
out  from  the  trough  to  the- various  circuits.  The 
trough  can  also  'be  used  for  feeders  from  the 
entrance  switch  to  the  panelboards.  Figure  7-8 
shows  a  wiring  trough  used  in  this  manner. 


INSTALLING  WIRING 
*  *  >  ** 

For  any  type  of  interior  wiring  installations, 
the  next  step  after  installing  the  service  is  to 
install  the  outlet,  receptacle,  and  switch  boxes 
(fig.  7-9).  A  box  is  simply  a  metal  container, 
set  flush  or  nearly  flush  with  the  wall,  floor,  or 
ceiling,  into  which  the  outlet,  receptacle,  or 
switch  will  be  inserted  and  fastened.  In  figure 
7-9A  is  a  4~in.  octagon  box  used  for  ceiling  v 
outlets.  This  box  is  made  with  1/2-in.  or 
3/4-in.  'Tcnockouts,"-that  is, indentations  which 
can  be  knocked-  out  to  make  holes  for  the  ad- 
mission of. conductors  and  connectors.  BoxB  in 
figure  7-8  is  a  4  U/16-in.  square  box  used  for 
heavy  duty,  such  as  for  a  range  or  dryer  recep- 
tacle. It  Is  made  with  knockouts  up  to  1  in.  in 
diameter.  Box  C  is  a  sectional  or  "gem",  box 
used  for' switches  or  receptacles.  By  loosening 
a  screw  you  can  remove  a  side  panel  t  so  that 
two  or  more  boxes  can  be  "ganged"  (combined) ' 
to  install  more  than  onfe  switch  or  receptacle 
at  a  location.  Box  p  is  a  utility  (called  a 
"handy") N  box,  made  with  1/2-  or  3/4-in. 


knockouts  and  used  principally  for  open-type 
work.  Box  E  is  a  4-in.  square  box  with  1/2-  or 
3/4-in.  knockouts,  used  quite  often  for  switch 
or  receptacle- installation.  It  is  equipped  with 
plaster  rings  having  flanges  of  various  depths, 
so  that*  the  box  may  be  set  in  plaster  walls  of 
various  thicknesses. 

Besides  the  boxes  shown,  there  are  "special11 
boxes  for  switches  when  you  have  more  than  two 
switches  at  a  location.  These  are  called  "conduit 
gang  boxes/9  and  they  are  made  to  accommbdate 
3,  4,  5,  or  6  switches.  Each  size  has  a  covet* 
made  to  fit.  • 

A  ceiling  box  may  be  fastened  to  a  wooden 
•••header"  *et  between  the  ceiling  joists,  or  it 
may  be  fastened  to  a  ,fbar  hanger"  as  shown  in 
figure  7-10.  * 

,  To  locate  outlet,  receptacle,  and  switch 
boxes  you  follow  the  electrical  floor  plan, 
which  shows  the  locations  of  all  of  these. 
Assume  you  are  working  on  a  new  building 
in  which  all  wiring  will  be  concealed  by  wall, 
ceiling,  or  floor  coverings  Specification  9Yi 
requires  that  the  outside  edges  of  outlet  anck 
switch  boxes  without  flush  plates  shall  not  be 
recessed  more  than  1/4  in.  below  the  surface 
of  the  finished  wall.  Boxes,  having  flush  plates 
shall  not  project  beyond  the  finished. wall  surface. 
Wall  outlets  are  to  be  located  the  following 
distances  above  finished  floor  surface?:  duplex* 
receptacles,  12  in.;  toggle  .switches,  48  in.; 

/  wall  fan  receptacles,  78  in.;  overcounter  re- 
ceptacles, 46  in.  All  these  measurements  are 
from  the  finished'ftoor  surface  to  the.  middle  of 
the  receptacle.  The  usual  way  to  mount  a  wall 
box  in  a  frame  wall  is  on  a  v/ood  header  in- 
serted between  studs. 

For  exposed  wiring  installed1  in  a  building 
after  completion  of  the  wall  finish,  the  pro- 
cedure for  securing  boxes  varies  according  to 
the  wall  or  ceiling  surface  material.  Boxes 

"are  fastened  to  a  wood  surface  with  wood 
screws;  for  plaster  board  or  plywood,  toggle 
bolts  are  better;  for  concrete  yojl  must  drill 
holes  for  setting  lead  anchors. 


» RIGID  CONDUIT  > 

Rigid  steel  conduit  may  be  either  black- 
enamel  finished,  sherardized '(zinc -coated  by 
heat),  or  galvanized.  Black  enamel  and  sher- 
ardized  is*  not  used  much  in  the  Navy,  because 
it  deteriorates  in  damp  locations  or  when  ex- 
posed to  the  elements.  -  The  galvanized  type  can 
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Figure  7-9.~Types  of  outlet,,  receptacle  and  switch  boxes. 


be  installed  outside,  inside,  or  imbedded  in 
concrete,  even  in  wet  locations. 

When  conduit  is  installed  in  concrete,  it 
must  be  imbedded  in  the  concrete,  not  in  any 
cinder  bed  below  it.  In  some  overseas  lo- 
cations the  conduit  must  be  given  a  good  coat 
or  red  lead  or  asphalt  paint  as  a  preservative  * 
against  corrosion  caused*  by  beach  sand  used 
in  the  concrete  and/or  chemicals  in  the  soil. 

Rigid  conduit  comes  in  10-ft  lengths,  threaded 
on  both  ends,  and  each  length  has  a  coupling  on  , 
one  end  for  joining  lengths  together^  Sizes 
range  from  1/2  in.  to  6  in.  in  diameter. 

Rigid  pipe  may  also  be  purchased  in  plastic 
and  aluminum.  Installation  requirements  for 
plastic  (nonmetallic  polyvinyl  chloride)  are 
covered  in  Article  347  of  the  NEC;  installation.  * 
requirements  foraluminum  in  NavFac  Specif!  - 
•  cation  9Yi. 

*  nr.  j 

Cutting  and  Threading  Rigid  Conduit 

The  use  of  rigid  conduit  involves  a  good  deal 
of  cutting  and  threading  of  lengths.  It  is  best  to 


cut  with  a  hacksaw  or  special  conduit  cutter.  An 
ordinary  revolving  wheel-type  pipe  cutter  leaves 
a  heavy  inside  ridge  that  is  difficult  to  remove 
and  tends  to  jam  the  passage  through  of  Conduc- 
tors. Always  ensure  that  you  make  a  cut  at  right 
angles  to  the  axisjgf  the  pipe. 

After  the  pipe  is  cut  to  the  proper  length, 
use  a  reamer  to  remove  all  burrs  from  the 
inside  of  the  sawed  end.  The  conduit  should 
be  held  in  a  vise  during  cutting  and  reaming. 
If  a,  regular  reamer  is  not  available,  a  large 
rat-tail  or  half-round  file  can  be  used  to  remove 
burrs.  However,  no  matter  what  burring  tool 
you  use,  you  must  get  a  smooth  inside  finish 
to  allow  the  passage  of  the  conductors. 

'The  next  step  is  thread-cutting  on  the  cut- 
offend.  For  the  smaller  pipe  , you  use  a  ratchet- 
type  die  that  turns  directly  with  the. handle. 
On  larger  pipe  you  use  a  die  with  a  mechanical 
advantage— that  is,  one  on  which  the  *die  makes 
only  a  part  of  a  revolution  wh^iTthe,  handle 
makes  a  complete  revolution, 

A  conduit-threading, die,  like  a  plumber's 
die,  makes  a  tapered  thread,  so  that  a  coupling 
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.  Figure  7-10,-^Ceiling  outlet  box 
.'on  bar  hanger. 

starts  rather  loosely  but  binds  hard  as  it  is  set 
up.  This  tight  connection  serves  two  purposes: 
(1)  it  makes  a  watertight  joint,  and  (2)  it  makes 
A  good  electrical  connection  for  a  continuous 
ground  throughout  the  length  of  the  conduit/  To 
ensure  a  tight  connection  when  it  is  impossi- 
ble to  screw  a  piece  of  pipe  into  a  coupling,  a* 
special  type  of  split  coupling  called  "Erickson" 
*  coupling  is  used;  It  is  somewhat  similar  to'a 
water-pipe  union,  but  is  used  without  gasket  or 
ground  Joint.  , 

Manual  Bending 

In  any  conduit*  job  you  will  have  to  make 
bends,  of  various  shapes,  such  as  right -angle 
or  90-degree  bends,  offsets,  and  saddles.  Tor 
the  smaller  pipe  this  is  done  with  a  bending  tool 
which  is  commonly  called  a  ffhickey."  This  can 
be  slipped  over  the  conduit  (fig.  .7-11). 

When  bending  conduit  beyond  90°  never  make 
a  sudden,  sharp  bend  which  may  cause  flattening 
of  the  pipe.  Make  a  bend  in  a  series  of  gradual 
movements./  Bend  a  small  amount;  then  move 
.  the  bender  a  short  distance  and  bend  again. 

The  procedure  illustrated  in  figure'  7-11  is 
recommended  as  one  method  of  making  a 
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%L  CONbUIT. 


(D  STEPS  IN  MAKING  A  90°  BEND 


CONDUIT 


(D  SAOOLE  BEND  - 

,  73,304 

Figure  7-ll.-Bending  rigid  conduit. 

right-anglte  bend  in  a  length  of  1/2-inch  conduit. 
If  a  90-degree  bend  is  to  be  made  in  a  length  of 
conduit  at  a  distance  of  20  inches  from  one  end, 
the  electrician  must: 

(a)  Mark  off  20  inches  from  the  end  of  the 
conduit.  c 
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(b)  Place  the  conduit  hickey  2  inches  in 
front  of  the  20-inch  mark  and  bend  the  conduit 
about  25  degrees. 

(c)  Move  the  bender  to  the  20-inch  marie 
,  and  bring  the  bend  up  to  45  degrees. 

(d)  Move  the  bender  about  1  inch  behind  the 
20-inch  mark  and  bring  the  conduit  up  to  70 
'degrees. 

;  (e)  Move  the  hickey  back  about  2  inches 
behind  the  20-inch  mark  and  bring  the  bend  up 
to  90  degrees. 

Miscellaneous  conduit  bends  (offset  bends, 
figure  1-11)  can  be  made  more  accurately  if 
the  contour  of  the  bend  is  drawn  with  chalk  on 
the  floor  and  the  bend  in  the  pipe  is  matched 
with  the  chalk  diagram  as  the  bend  is  formed. 
Conduit  in  excess  of  1  inch  is  usually  bent  by  a 
hydraulic  bender. 

Hydraulic  Bending  - 

A  hydraulic  bender  speeds  conduit  and  pipe 
installations  by  application  of  a  powerful, 
smoothly  applicated*  force  to  the  pipe,  resulting 
in  accurate  bends  without  kinks  or  damage. 

A  portable  hydraulic  bender  maybe  operated 
by  a , suitable  electric  motor,  or  manually  by  a 
hydraulic  hand  pump.  A  bending  ram  assembly 
which  cahbe  quickly  disconnected  completes  the 
unit.  For  a  single  conductor  which  is  not  lead 
covered,  the  bend  must  have  a  minimum  radius  of 
six  times,  the. inside  diameter  of  the  pipe;  for 
lead-covered  conductors  the  radius  of  a  con- 
duit bend  must  be  at  least  ten  times  the  inside 
diameter  of  the  conduit.  Figure  7-12A  illus- 
trates what .  is  meant  by  the  radius  of  bend. 
Making  a  quick,  neat  bend  is  a  job  that  re- 
quires a  lot  of  practice. 


Condulets 


\ 


RIGID-CONDUIT  BEND 

A-RADIUS  OF  BEND 
B- LENGTH, STRAIGHT  PORTION 
C -OFFSET  TO  OUTSIDE 

'  73.17 

Figure  7-12.— Dimensions  of  a 
conduit  bend. 


Figure  7-13.— LR  condulet. 
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-  _  Condulets  „  are  -a  very  convenient  way  of 
making  bends,  especially  in  conduit  which  will 
be  exposed  to  the  elements.  However,  a  con- 
dulet must  never  be  concealed,  in  a  wall  or 
elsewhere,  because  the  cover  must  always  be 
accessible.  Condulets  may  be  used  to  reduce 
the  number  of  bends  made'  in  a  run  of  conduit. 
The  Cod?  specifies  not  more, than  four  90- 
degree  bends  between  pull  boxes  (pull  boxes 
are  explained  in  NEC  Article  370-18),  but  a 
condulet  may  be  used  in  place  of  a  pull  box. 

The  L  type  of  condulet  shown  in  figure 
7-13  is  very  convenient  for  sharp  corners. 


Figure  7-13  actually  shows  an- LR  type,  which 
can  be  opened  at  the  back  to  allow  the  wire  to 
be  pulled  without  binding  against  the  conduit 
wail.  In  using  condulets,  be  sure  that  covers 
are  set  on  securely.  For  condulets  exposed 
to  the  elements,  place  a  gasket  under  the 
cover  to  ensure  watertightness. 

Neatness  is  a  must  in  bending ,  conduit 
work,  and  any  other  electrical  work.  Bends 
which  are  not  uniform  detract,  from  the  ap- 
pearance of  the  job.  The  method  of  -  securing 
conduit  depends  on  it's  size  and  type.  A  one- 
hole  strap  is  the  type  of  fastener  most  fre- 
quently used./  The  manner  of  fastening  depends 
on  the  material  to  which  fastened.  Hollow 
walls  require  toggle  bolts;  concrete  or  block 
walls  require  a  lead  anchor  set  in  a  drilled 
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hole;  steel  construction  requires  a  bolt  set  in 
a  drilled  hole. 

Explosion-Proof  Fittings 

In  locations  specified  by  the  NEC  (Articles 
510  through  5,17)  as  explosion-hazardous  you 
'.roust  install  explosion-proof  fittings.  Locations 
are  classed  by  number  in  descending  order  of 
daijgerousness,  as:  class  1.  division  1,  highly 
hazardous;  class  1,  division  2,  slightly  less 
hazardous  and  so  on. 

As  an  example  of  explosion-proofiig:  in  a 
gasoline  filling  station  the  pump  island  is 
classed  as  class  1,  division  1.  All  conduits 
in  this  area  must  be  sealed  with  a  special 
type  sealing  fitting,  and  on  conduit  "for  lights 
above  the  pumps  the  sealing  fitting  must  be 
located  at  a  height  of  not  less  than  4  ft  above 
the  driveway  surface.  No  junction  boxes  (ex- 
plained in  NEC  Article  370-18)  or  condulets 
may  be  used  in  the  pump  island  area.  Conduits 
running  from  pumps  to  panels  in  the  building 
must  be  sealed  not  less  than  18  in.  above  the 
building  finished  floor  to  avoid,  fumes  from  the 
gasoline  pumps.  An  approved*  seal  must  also 
be  installed  on  any  conduit  enteric  or  leavii^ 
a  dispensing  pump  or  other  enclosure  on  the 
pump  island. 

Inside  the  building  of  a  gasoline  station  the 
class  1,  division  U  space  extends  18  in.  above 
the  floor.  The  space  above  the  18-in.  level  is 
classed  as  class  1,  division  2. 

Paint  spray  booths  are  listed  as  class  1, 
division  1,  and  therefore  all-fixtures,  exhaust 
fans,  air  compressors,  or  other  electrical 
appliances  located  in  such  booths  must  be  ex- 
plosion-proof, as  well  as  all  switches,  con- 
venience outlets,  and  motor  starters. 

Figure  7-14  shows  an  explosion-proof  fluor-^ 
escent  lightingjixture  for^hstallation  in  a  paint 
spray^roomY  In  this  fixture  the  fluorescent  tubes 
are  sealed  in  .*  larger  glass  tube.  The  four 
tube  seal  ends  can  be  seen  in  the  figure.  The 
ballast  (explained  in  NEC  Article  410  Part  P) 
is  enclosed  in  the  container  above  the  tube 
seals. 

Figure  7-15  shows  an  explosion-proof  in- 
candescent lighting  fixture;  figure  7-16  an  ex- 
plosion-proof off -and-on  switch  for  lighting. 

THINWALL  CONDUIT 

Conduit  consisting  of  electric  metallic  tubing 
in  sizes  from  1/2  in.  to  4  in.  in  diameter  is 


Figure  7-14.— Explosion-proof 
fluorescent  fixture. 
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•  Figure  77I5.— Incandescent 
explosion-proof-fixture . 

called  "thinwall  coriduit."  Thinwall  conduit  can- 
not be  threaded,  so  a  special  type  of  fitting 
must  be  used  for /connecting  sections  together 
or  connecting  pipe  to  boxes.  The  type  most 
commonly  used  .is  the  ^compression"  type, 
which  is  waterproof.  Other  types,  called  the 
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Figure  7-16.— Explosion-proof 
on-and-off  lighting  switch.  . 


"indenter"  type  and  the  "setscrew"  type,  are 
not  waterproof. 

Again  you  cut  thinwall  conduit  with  a  hacksaw 
keeping  the  cut  at  right  angles  to  the  axis  of  the 
pipe.  Thinwall  is  bent  with  the  special  bender 
shown  in  figure  7-17.  A  different  size  bender  for 
each  size  of  pipe  is  required ! 

FLEXIBLE  CONDUIT 

Flexible  conduit  (also  called  "Greenfield") 
is  composed  of  a  spirally  wrapped  metal  band 
wound  on  itself  and  interlocked  so  as  to  make 
a  cylindrical  metal  flexible  tube  of  high  me- 
chanical strength.  Greenfield  can  be  used  in 
locations  to  which  rigid  conduit  could  not  be 
adapted.  It  is  easily  fished, squires  no  elbow 
fittings, and  conies  ir^  diameters  from  1/2  in.  to 
&  in. 

The  only  fittings  required  for  Greenfield 
are  squeeze-type1  fittings  for  connecting  the 
pipe  to  boxes*  A  fine -tooth  hacksaw  should  be 


*         BENOiNG  GROOVE  fi\  45°  BE  NO 

©  BENDER 
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Figure  7-17.— Thinwall  bender.  * 

used  for  cutting,  and  again  the  cut  should  be 
square. 

Greenfield  is  made  in  two  types:  the  standard 
unfinished -metal  type,  and  a  moisture-resistant 
type  called  "sealtite"  which  has  an  outside  jacket 
of  latex  or  plastic.  The  moisture-resistant  type 
is  not  intended  for  general  use,  but  only  for  con- 
necting motors  or  portable  equipment  in  damp' 
or  wet  locations  where  flexibility  of  connections 
- — is  desired.  It,  must  be  used  with  connectors  ap- 
proved for  the  purpose. 

The  standard  metal  Greenfield  is  used  pri- 
marily for  connecting  motors  mounted  on  sliding 
bases,  or  for  equipment  which  cannot  be  easily 
wired  with  rigid  conduit  and  requires  conduit 
which  can  be  fished  in  walls  or  between  floor 
above  and  ceiling  below.  It  is  seldom  used  in 
wet  or  hazardous  locations  except  as  expressly 
permitted  by  the  Code. 

i 

RIGID  POLYVINYL  CHLORIDE 
(PAfC)  CONDUIT 

PVC  conduit  has  been  developed  by  many 
manufacturers.  Some  of,  the  advantages  this 
type  of  conduit  offers  include* the  lighter  han- 
dling weight,  high  corrosion  resistancey  ease 
of  installatiojx^leakproof  joints  and  easy  wire 
pulling  due  to  the  mirror  like  walls.  Refer  to 
NEC,  Articles  347,  514-8,  and  515-5  for  in- 
stallation requirements. 


Permanent  joints  are  made  Quickly  in  PVC 
conduit  by  cutting  the  conduit  with  a  hand  or 
hack  saw  and  removing  the  burrs  wich  a  pocket- 
knife.  Th!e  surfaces  to  be  joined  are  wiped 


Joining  PVC 
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clean  and  a  light  coat  of  solvent  cement  is  ap- 
plied to  the  inside  of  the  coupling  or  fitting 
and  outside  of  the  conduit.  After  the  conduit  is 
inserted  all  the  way  into  the  fitting,  give  it  a 
quarter  turn  to  ensure  good  distribution  of  the 
cement.  Any  excess  is  wiped  off. 

A  variety  of  threaded  PVC  Attics  is  avail- 
able from  manufacturers.  Their  use  is  covered 
in  Article  370  NEC.  Installation  using  the 
solvent-welding  technique  described  in  the 
previous  paragraph,  however,  is  preferred  be- 
cause the  joints  are  water  and  vapor  proof. 

Bending  PVC 

■  Bending  is  accomplished  very  easily  by  ap- 
plication of  heat  from  a  hot-air  cold-air  blower 
to  a  section  of  PVC  rigid  conduit.  Gradual  pres- 
sure is  applied  to  form  the  bend  desired.  When 
.the  desired  curve  is  achieved,the  cold  air  from 
the  blower  is  then  applied  to  set  the  bend.  Be 
sure  to  compensate  for  any  spring  back.  Re- 
member too,  that  PVC  conduit  should  be  bent 
on  a  minimum  radius  at  least  10  times  its 
diameter. 

ROMEX  CABLE 

"Romex"  is  made  in  sizes  14  to.  2  awg  and 
having  2  or  3  conductors.  Sizes  14,  12,  and 
10  are  solid  wires.  Sizes  8  to  2  awg  are 
stranded  conductors  to  a  cable.  Romex  must 
be  secured  at  intervals  of  not  more  than  4- 1/2 
it  and  within  12  in. of  each  outlet  box  of  fittirgs, 
except  where  finished  in  walls. 

In  naval  installations  Romex  is  used  pri- 
marily for  temporary  work,  such  as  on  quonset 
huts.  Civilian  contractors,  however,  use  it 
extensively  for  residential  wiring;  but  the  NEC 
does  not  permit  its  use  as  service  entrance 
cable ,  in  commercial  garages,  in  theaters  built 
for  more  than  200  spectators,  in .  storage 
battery  rooms,  in  any  hazardous  location,  or 
imbedded  in  concrete.  All  connections  in  Romex 
must  be  made  at  junction  or  outlet  boxes,  and* 
squeeze-type  connectors  must  be  used  for 
securing  the  cable  to  boxes. 

In  most  installations  where  Romex  is  per- 
mitted a  ground  wire  must  be  used  with  the 
cable  to  furnish  a  continuous  ground  through- 
out the  circuit.  This  grouncTwire  is-faatened - 
under  a  screw -in^ach  outlet  box  to  which  the 
lablc  is  connected.  Another  way  to  secure  the 
ground  wire  is  to  wrap  it  backward  over  the 
braid  in  a  close  wrap  and  under  the  Romex 


clamp..  This  makes  a  very  good  bond.  When 
using  grounding  type  duplex  receptacles,  the 
,  ground  wire  can  be  fastened  under  the  green 
grounding  screw. 

*  .When  making  bends  in  Romex,  the  radius  of 
the  bend  should  be  not  less  than  five  times  the 
diameter  of  the  cable. 

BX.  CABLE 

BX,  an  armored  metallic  cable,  is  also 
used  on  naval  installations  for  temporary  wiring 
but,  unlike  Romex,  its  use  in  civilian  installa- 
tions is  restricted.  Most  city  building  codes 
restrict  the  use  of  BX  to  oil  burner  control  cir- 
cuits and  the  like.  A  difficulty  with  BX  is  the 
fact  that  it  tends  to  ground  after  installation. 
Small  metal  burrs  on  the  armor  can,  because  of 
vibration,  penetrate  the  insulation  and  cause  a 
ground.  The  trouble  and  expense  involved  in 
clearing  aground  behind  the  wallcovering, after 
a  building  is  finished,  can  be  easily  imagined. 

BX,  like  Romex,  must  be  run_  continuous 
from  box  to  box,JWith  no  splicing  allowed  be- 
tween boxes.  It  must  be  secured  at  intervals 
not  greater  than  4  1/2  ft  and  within  42  in. 
from  each  outlet  box  or  fitting,  except  where 
fished  In  walls.  It  must  be  secured  to  boxes 
with  a  squeeze-type  connector.  It  is  cut  with 
a  fine-tooth  hacksaw,  and  a  fiber  bushing  is 
installed  over  the  conductors  at  each  cut. 

BX  comes  in  sizes  from  14  to  2  awg  and  in 
cables  containing  1,2,  3,  or  4  conductors.  The 
armor  on  the  cable  furnishes  a  cpntinuous 
ground  between  boxes. 

LOCATING  AND  INSTALLING 
CONDUCTORS 

When  the  service  switch,  panelboards,  and 
conduits  have  been  installed,  you  are  ready~tb 
pull  in  the  wires.  The  electrical  print  or  plan 
shows  the- number  "of  wires  to  be  pulled  into 
each  individual  conduit.  Remember  that  there 
must  always  be  a  neutral  wire  in  any  lighting 
or  convenience  outlet  circuit. 

Lighting  fixtures  and  convenience  outlets 
are  connected  between  a  neutral  and  a  hot  wire, 
with  the  wall  switches  connected  in  series  with 
the  hot  wire.  Any  solid  color  except  white  or 
green  can  be  used  for  the  hot  wire,  except  that 
in  switch  leg  wiring  using  cable  the  return  leg 
must  be  black.  The  neutral  wire  is  always 
white,  and  equipment  grounds  always  green,  if 
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insulated.  The  accepted  wire  color  code  is  in 
NEC  Article  210-5. 

-Wires,  are  pulled  through  conduit  with  a 
narrow  steel  tape  called  a  ,ffish"  tape.  Fish 
tapes  come  in  various  thicknesses;  on  most  jobs 
you  will  use  the  small  1/8  by  1/16  in.  size. 

Start  this  tape  through  the  conduit  at  an 
outlet  box  or  panelboard,  as  the  case  may  be, 

-and  keep  pushing  the  tape  until  it  emerges  at 
the  next  opening  or  outlet  box.  You  secure  the 
wires  to  a  hook  on  the  fish  tape  by  removing 
about  3  in.  of  insulation  from  the  wires  and 
bending  the  bare  wires  over  the  hook.  Make 
a  few  wraps  of  friction  tape  over  this^cpn^ 
nection,"  tp  prevei^the^wires^from^Uppfiig  off 
and-tonprovide  a  smooth  pulling  surface.  In 

vsome  cases  you  may  have  to  put  talc  or  a 
lubricant  called  "pulling  compound"  on  the  _ 
wires,  Never  use  oil  or  grease  for  this  purpose, 
because  these  substances  will  deteriorate  the 
insulation. 

Proceed  now  to  pull  the  tape  back  through 
the  conduit  and,  of  course,  the  wires  with  it; 
If  possible,  have  a  man  at  the  point  where  the  * 
wires  enter,  to  keep  out  kinks  or  twists.  Where 
wires  pass  through  an  outlet  box  without  being 
tapped,  pull  enough  wire  to  continue  on  through 
without  making  a  splice,  so  as  to  eliminate  extra 
splices  in  the  box  or  opening. 

When  the  wires  have  been  pulled  in  through-  - 
out  the  conduit  system.,  connect  the  proper 
wires  to  the  various  fixtures  and  outlets.  Do 
any  necessary  splicing  at  the^same-time^-Inr  ' 
splicing,  remember  thafwEite  Wires  connect 
to  white  except  for  Rom  ex  cable  switch  runs 
and  other  colors  to  the  same  colors.  In  splic- 
ing joints,  always  be  sure  the  joint  is  well 
soldered  and  taped  with  rubber  or  friction  tape— 
or,  in  some  places,  you  may  use  a  plastic  elec- 
trical tape  which  does  not  require  a  cover  of 
friction  tape. 

Another  way  of  insulating  splices  i§  with  an 
-insulated  wire  connector  called  a  "wire  nut"  (fig. 
7-18A).  You  screw  this  device  onto  the*bareend 
of  a  conductor.  Wire  nuts  do  not  require  tape  if 
the  conductor  ends  are  cut  short  -enough  to 
prevent  them  from  extending  outside  the  nut. 

A  wire  nut  is  but  one  type  of  "solderless  con- 
nector." Another  type  is  shown  in  figure  7-18B. 
It.  grips  the  wires  like  a  vise,  producing  such 
good  metal-to-metal  contact  that  it  is  unneces- 
sary to  use  solder.  All  you  have  to  do  is  apply 
the  connector  to  the  wires,. and  then  cover  the 
joint  with  tape.  Of  course, you  must  prepare  the 
wire  ends  just  as  you  would  for  a  soldered  splice. 


There  are  other  types  (fig.7-18C>of  solder- 
less  connectors, but  all  operate  on  the  principle 
of  gripping  or  pressing  the  conductors.  They 
save  time  and  provide  as  high  mechanical 
strength  as  soldered  splices. 

When  installing  Romex  or  BX,  make  sure  that 
the  conductors  do  not  come  in  contact  with  metal 
pipes,  and  that  they  are  supported  properly,  with 
no  sag  between  supports.  Exposed  wiring  in 
basements  or  attics  is  best  protected  by  carrying 
the  wire  alongside  joists  or  rafters.  Where 
wires  run  across  these  timbers,  you  can  carry  jt_ 
through  bored  _hp.les.~~ ^Howeverr  figure  "7-19 
shows  howwffe  canbe  carried  across  timbers  on 
a  "running  board.". 

Flexible  cords  on  portable  equipment  must 
never  be  subject  to  mechanical  strain.  They  must 
be  kept  as  short  as  possible.  All  cords  must  be 
3-wire,with  the  third  wire  grounding  the  equip- 
ment on  one  end  and  terminating  at  the  grounding 
screw  in  a  3-wire  grounding-type  attachment 
plug. 

SWITCHES 


For  interior  wiring  you  use  single  pole ,  3  -way , 
or  4-way  'toggle"  switches.  Most  of  the  switches 
you  use  will  be  singlepole,  but  occasionally  you 
will  have  to  install  a  3 -way  system  and  on  rare 
occasions  a  4-way  system.  Still  another  system 
ofjswiJ^^  ~~~ 

v  A  single-pole  switch  is  simply  a  one-blade 
on-and-off  switch  which  may  be  installed  singly 
or  in  multiples  of  2  or  more  in  the  same  metal 
box.  Boxes  were  previously  explained  in  this 
chapter.  Iii  wiring  a  single-pole  switch, connect 
the  colored  wires  to  the  two  contacts  on  the 
switch,  the  switch  being  always  in  series  with 
the  hot  wire.  Figure  7-20  shows  a  single-pole 

switch  circuit.  -    -  ----  *   " 

Ina"3-way  switch  circuit  there  are  two  posi- 
tions, either  of  which  may  be  used  to  turn  a 
light  on  or  *off .  The  typical  situation  is  one 
in  which  one  switch  is  at  the  head  of  a  stairway  * 
and  the  other  at  the  foot.  Figure  7-21  shows 
how  the  circuit  functions. 

Terminals  A  and- A* -axe  the  common  termi- 
nals, and  switch  operation  connects  them  either 
to  B  or  C  and  Bf  and  Cf  respectively.  Either 
switch  will  operate  to  close  or  open  the  circuit, 
turning  the  lights  on  or  off. 

By  tracing  the  circuit  in  figure  7-21  from  the 
source,  you  can  see  that  the  hot  wire  goes  to  the 
first  switch,  through  the  closed  switch  blade  to 
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Figure  7-18.— Cable  and  wire_connectors.~ 


73.305 


the  other  switch  by  way"  of  the  traveler,  and 
through  this  switch  to  the  light.  By  changing  the 
position  of  either  of  the  switches,  the  circuit  is 
broken^ 

,  A  4-way  switch  is  an  extension  of  a  3 -way 
circuit  by  the  addition  of  a  4-way  switch  in  series 
with  the  two  traveler  wires.  Figure.  7-22A 
shows  how'  a  4-way  circuit  is  wired.  By  tracing 
this  circuit'  from  the  source  you  observe  the 
hot  wire  connected  to  switch  (C)  passing  throrgh 
position  1,  which  is  closed.  The  hot  wire  con- 
tinues to  point  4  on  the  4-way  "switch  (B).  At 
this  time  the  toggle  on  switch  B  is  in  the  UP 
position  and  contact  is  made  from  point  4  to 
point  3.  The  hot  wire  continues  on  through  the 
traveler  to  switch  (A),  and  through  position  2 
(which  is  closed)  to  the  light. 

Suppose,  now,  that  you  want  to  turn  the  light 
off  at  4-way  switch  B.  By  putting  the  toggle  in 
OFF  (down)  position  you  change  the  switch 
blades  from  point  1  to  2  and  3  to  4  to  points 
1  to  4  and  2  to  3  (see  fig.  7-22B).  If  you  now 
retrace  the  circuit  from  switch  B  to  switch  A 
you  will  find  that  it  goes  from  point  4  to  point  1 
on  switch  B  and  through  the  traveler  to  switch 
A,  where  the  circuit'  is  broken  by  the  blade  in 
open  position. 

Most  4-way  switches  have  a  wising  diagram 
on  the  switch  body.  Some,  however, Tiave  the 
diagram  on  the  carton  the  switch  is  packed  in. 
This  must  be  preserved.  If  it  gets  lost,  you 
will 'have  to  use  an  ohmmeter  or  battery  to 


trace  the  movement  of  the  blades  when  you 
change  the  position  of  the  toggle. 

Note  that  3- and  4-way  switches  may  be  used 
*s  sihgle-poie  switches-,  and  4-way  switches  may 
be  usedas3-way  switches.  Some  activities  may 
install  all  small-wattage,  4-way  switches  for  all 
lighting  circuits,  to  reduce  their  inventories. 
However,  3-  and  4-way  switches  are  usually 
larger  than  single-pole  .  switchesard__take_  up— 
niorej^o^^ 
—onrits~  ampacity  (rated  maximum  amperage). 
The  ampacity  and  maximum  allowable  voltage 
are  stamped  on  the  switch,  and  must  be  con- 
sidered when  ordering  equipment  for  the  job. 

"Low-voltage"  wiring  is  a  switching  system 
which  employs  a  transformer  and  low-voltage 
relay.  A  low-voltage  conductor  (three  No.  18 
awg  wires)  is  used  from  the  outlet  to  the  switch 
box  instead  of  conduit  orRomex.  Some  systems 
use  a  master  transformer  to  reduce  the  voltage 
from  110  volts  to  6  volts, but  one  system  uses  a 
combination  transformer  and  relay  (a  relay  is  a 
protective  device  which  opfens  a  circuit  when 
current  in  a  line  exceeds  the  rated  value  of  the 
relay  at  the  outlet  box.  By  using  this  individual 
transformer,  only  one  light  wouldibe  affected  in 
case  of  transformer  failure. 

The  transformer-relay  combination  is  in- 
stalled  in  the  outlet  box  for  the  light  being  con- 
trolled, with  the  transformer  inside  the  outlet 
box  and  the  relay  "protruding  outside  through  a 
knockout,  as  shown  in  figure  7-23. 
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Figure  7-19.— Wire3  carried  across 
timbers  on  running  board. 
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Figure  7-20.-Single-pole  switch  circuit. 

With  the  low-voltage  system,  as  many 
switches  as  are  required  can  be  installed  for 
any  given  light,  or  a  master  switch  can  be  in- 
stalled to  turn  on  as  many  as  eight  lights 
simultaneously.  There  is  hb  necessity  for  3-way 
or  4-way  switches,  because  the  switches  are 
connected  in  parallel,  and  the  movement  of  the 
switch  toggle  in  one  direction  pulls  the  relay 
one  way  (off  the  circuiC)and  energizes-the  light. 


4  WAY  SWITCH 

.    SWITCH  *  ®  ^*'JCM 

W  <B>. 

TOGGLE  DOWN 
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Figure  7-22.— Four-way  switch  circuit. 

A  movement  of  the  toggle  in  the  other  direction 
pulls  the  relay  the  opposite  way  (into  the  cir- 
cuit) and  breaks  the  circuit. 


RECEPTACLES 

The  several  types  of  receptacles  used  in 
interior  wiring  are  discussed^  below  in  the  order 
in  which  they  arie  most  commonly  used. 
.  A  "convenience  outlet"  (fig.  7-24)  is  a  duplex 
receptacle  with  two  vertical  or  T  slots  and  a 
round,  contact  for  the  ground.  This  ground  is 
connected  to  the  frame  of  the  receptacle, tand  is 
grounded  to  the  box  by  way  of  the  screws  that 
secure  the  receptacle  to  the  box. 
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TO  LIGHT 

mo  vour>|1 


^  TO  SWITCH 

^~  e  volt 


8ANSF0RMER 


SOURCE 
110  VOLT 


Figure  7-23. -Low-voltage  relay 
and  transformer. 


73.27 


73.29 

Figure  7-25.-Range  receptacle. 


CCNTEft  TAB  MAT 
K  BftOXCN  OFF 
TO  ISOLATE  TMC 
TWO  SCREW 
TERMINALS 


\     o  73.28 
Figure  7-24.— Duplex  convenience  outlet. 

When  you  desire  to  have  the  two  outlets  on 
a  receptacle  supplied  by  two  separate  power 
sources,  break  the  center  tab  between  the  two 
screw  terminals  on  egch  side.  Then,  wire  the 
same  as  you  would  single  outlets  (fig.  7-24). 

Most  floor  receptacles  are  single  recep- 
tacles with  two  vertical  or  T  type  slots. 

•A  "range  receptacle"  (fig.  7-25)  may  be 
a.  surface  type  or  a  flush  type.  It  has  two 
slanted  contacts  and;  one  vertical  contact,  and 
is  rated  at  50  amps.  Receptacles  for  clothes 
dryers  are  similar,  but  rated  at  30  amps. 
Range  and  dryer  receptacles  are  rated  at  250 
volts,  and  are  used  with  three  wire  115/230 
volts,  two  hot  wires  and  a  neutral.  A  receptacle 
for  use  with  an  air  conditioner  taking  230  volts 


is  made  with  two  horizontal  slots  and  one  round 
contact  for  the  ground. 

When  the  interior  wiring  system  has  been 
completely  installed,.make  an  overall  inspection 
to  be  sure  that  good  installation  practices  have 
been  observed  aniJhai_aU--eefinectioiEf  are 


-correct. :  While  making  this  check,  don't  forget 
neatness.  Make  sure  that  ground  connections 
are  tight  and  that  ground  wire  is  protected 
against  injury.  Be  sure  that  all  connections 
in  entrance^  switch  and  panelboards  are  tight'. 
See  that  all  metal  noncurrent-carrying  parts  of 
portable  equipment  are  grounded. 


CALL  SYSTEMS 

The  simple  buzzer  call  system  is  merely  a 
bell  or  buzzer  and  a  pushbutton  switch  wired  in 
series  in  the  wires  from  a  transformer.  A  call 
system  transformer  reduces  voltage  from  llOto 
6  or  8  voltqfc  *     

A  "return"  call  system  is  often'  used  in  offices 
located  in  the  same  building  (because  of  the  low 
voltage, there  would  be  considerable  line  loss  if 
the  bells  were  far  apart).  In  a  return  system  a 
call  sounded  from  one  bell  push,  can  be  answered 
by  a  call  sounded  from  another.  Figure  7-26 
shows  a  wiring  diagram  for  this  type  of  circuit. 


MOTOR  BRANCH  CIRCUITS 

d 

As  a  CE  you  will  frequently  have  occasion 
to  wire  in,  connect,  and  service  motors  cf  vari- 
ous sizes  and  voltagee.  A  motor  branch  circuit 
consists  of  the  following  elements:  circuit 
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ACTUAN  CALL  SYSTEM 
2  SELLS  ~2  BUTTONS 


Figure  7-26.— Return  call  system. 
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conductors,  over  current  protective  devices, 
means  for  disconnection,  controller,  and  motor 
running  proteqtion. 

_The  circuit  conductors  are  the  wires  Jrora- 
panelboard  to  motor.  Overcurrent  protective 
devices  protect  the  motor,  controls,  and  wires 
against  any  overloads  caused  by  grounds  or- 
shorts.  The  means  of  disconnection  separates 
motor  and  controls  from  electricity  source  when 
adjustment ,  maintenance ,  or  repair  work  is  being 
done.  The  controller  starts,  stops,  and  reverses 
the  motor.  Motor  running  protection  is  pro- 
vided by  overcurrent  protective  devices  jwhlch^ 
pro!ect„raotor>  controls,  and-wires-agaAnst-dam-" 
age  caused  other  than  by  grounds  and  shorts. 

The  circuit  conductors  may  be  feeding  cur- 
rent to  a  motor  of  less  than  1  hp.  or  to  one  with 
hp  in  the  hundreds.  The  type  of  insulation  used 
will  depend  on  moisture  and  temperature  con- 
ditions, and  also  on  the  danger  of  mechanical 
injury.  The  size  of  conductor  will  be  determined 
on  the  basis  of  125  percent  of, -the  full -load 
current  of  the  motor.  Table  7-1  gives  you  an 
idea  of  the  wire  size  for  a  given  motor  hp  and  a 
given  voltage. 

The  disconnecting  means  for  most  motors  is 
either  a  motor  circuit  switch  or  an  air  circuit 
breaker.  It  must  be  located  within  50  ft  of  and 
visible  from  the  motor,  and  must  be  equipped  with 
a  device  for  locking  in  OFF  position.  In  every 
case  the  disconnecting  device  must  be  one  which 
opens  all  ungrounded  conductors  instantly.  It 
may  also  open  the  grounded  wire,  provided  that, 
it  opens  all  wires  simultaneously.  It  must  dis- 
connect both  motor ,and  controller,  and  maybe 
installed  in  the  came  case  with  the  controller. 


•  For  portable  motors,  the  attachment  plug  and 
receptacle  are  sufficient  means  for  discon- 
nection. For  stationary  motors  oM/8hpor  less, 
the  branch  circuit  overcurrent  device  is  suf- 
ficient. 

Motor  controllers  may  be  manual  or  auto- 
matic. For  smaller  motors  ageneral-use  switch 
or  circuit  breaker  may  be  used.  For  larger 
motors  and  three-phase  motors,  automatic  con- 
trollers give  better  service.  An  automatic  con- 
troller can  be  remotely  controlled  by  push- 
button, and  for  machinery  motors  the  push-button 
can  be  installed  convenient  to  the  operator's  sta- 
tion. This  type  of  connection  can  alsobe  used  to 
interlockdifferent  motors,  as  in  a  system  of  con- 
veyor belts.  Figure  7-?7  shows  an  interlocking 
system  for  three  motors.  Motor  1  must  be 
running  before  motor  2  can  be  started,  and  motor 
2  must  be  running  before  motprScanbe  started. 

Overcurrent  protection  devices  may  be  fuses 
or  circuit  breakers,  used  to  protect  the  con- 
ductors against  overloads  of  current  greater  than 
normal  starting  current.  These  devices  also 
protect  the  motor  controller ,  which  cannot  handle 
amperage  higher  than  what  is  normal  for  the 
motor. 

If  fuses  are  used,  one  must  be  placed  in  each 
ungrounded  wire  of  sufficient  ampacity  to  allow 
for  motor  starting  current.  A  device  other  than 
a  fuse  must  be  capable  of  opening  all  ungrounded 
wires  feeding  a  circuit.   -  — 

MOTOR;  overload  protection  is  required  to 
protect  against  overload  caused  other  than  by  a 
short  or  ground  in  the  motor  branch  circuit. 
After  a  motor  has  co;ne  up  to  full  speed,  and 
is  operating  at  its  normal  rated  amperage,  the 
equipment  driven  by  the  motor,  because  of  a 
temporary  overload. or  some  other  cause,  may 
require  more  power  than  the  rated  hp  of  the 
motor.  Todeliver  this  extra  power,  the  motor 
must  consume  greater-than-normal  amperage. 
This  type  of  overload  can  be  safely  carried- for 
a  short  interval,  but  if  it  continues  too  longttie 
motor  will  be  damaged. 

For  example:  suppose  something  causes  a 
fuse  in  a  three-phase  circuit  to  blow.  The 
motor  will  try  to  continue  running  on  a  single 
phase.  This  will  cause  a  much  higher  than 
normal  amperage  to  flow  through  conductors 
and  controller.  However,  a  motor  Current  pro- 
tection device  in  the  motor  or  controller  will 
open  all  conductors  to  the  .motor. 

Automatic  controllers  Have  such  a  device 
built  into. the  controller.  Some  small  motors 
have  overload  devices  built  into  the  motor. 
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Table  7-1.— Circuit  conductor  wire  sizes  for  various  motors. 


Motor 
HP 

Single-phase  amps 
at  110  volts 

Wire  size 

Amps  at 
220  V 

Wire 
size 

3-phase  amps 
at  220  V 

Wire 
size 

1  1  Hi 

I  1/2 

2 

5 

7  1/2 

10 

15 

14 

*  16 

20 

12 

i  i 

12 

r 

6.9 

.  8 
10 
12 
28 
40 

14 

14 
14 
14 
8 
6 

3.5  * 
5 

6.5- 
15 
22 

27  , 
40 

14 

14- 
14 
.12 
10 

8 

6 

TO  *OT0«  I 


TO  MOTOft  2 


TO  MOTOR  3 


Figure  7-2 7 ^Interlocking  controls 
for  three  motors/ 

REPAIRS  AND  MAINTENANCE 


73.31 


Practically  all  trouble  calls  on  an  interior 
wiring  system  involve  shorts,  grounds,  or  open 
.circuits.  A,  short  circuit  is  probably  the  most 
frequent  cause  of  trouble.  When  current  is  not 
reaching  a  point  where  it  is  needed,  an  open 
circuit  is  indicated*  A  blown  fuse  usuall^ 
means  a  short  or  ground,  although  it  may  have 
been  caused  by  overloading  a  circuit. 

*  * 
WIRING  SYSTEM  REPAIRS  v 

As  mentioned  previously,  failure  of  current 
to  reafch  a  point  in  a  circuit  means  an  open  in 
the  circuit.  This  is  usually  the  easiest  type  of 
trouble  to  locate.  With  your  voltage  tester  start 
at  the  last  place  where  you  get  an  indication  of 
voltage .  Usually  a  check  of  a  few  points  will 
show  where  the  line  is  open.  The  cause  will' 
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frequently  turn  out.  to  be  a  poorly  made  *or  poorly 
soldered  joint. 

Review  the  section  of  troubleshooting  fused 
circuits  in  Chapter  5  for  the  procedures  in 
detectixig  grounds  and  shorts. 

INTERIOR  WIRE  SPLICES  * 

The  way  you  sglice  or  join  conductors  to- 
gether is  one  indication  of  your-competehcy  as- 
an  electrician.  An  electrical  system  is  only  as 
good  as  its*  worst  -splice.  A  good  splice  must 
have  the  same  mechanical  strength  and  electrical 
conductivity  as  the  wires  it  joins  together.  A 
spliced  wire  .must  be  as  good  a  conductors  a^ 

continuous  conductor.'——   ^~ 

"  The  best  wiring  practice  is  to  -run  continuous^ 
-wires  from  the  service  btoffo  the  outlets . '  UNDEJl 
NO  CONDITIONS  SHOULD  SPLICES  BE  PULLED 
THROUGH  CONDUIT.  SPLICES  MUST  BE 
PLACED  IN  APPROPRIATE  ELECTRICAL 
BOXES. 

The  following  observations  apply  to  electrical 
soldering. 

1.  Soldering  a  splice  helps  to  protect  it  from 
corrosion. 

2.  Rosin  lis  the:  only  flutf  used  in  soldering 
electrical  connections.  - 

3.  You  can  use  either  a  soldering  copper  or 
a  direct  aflame  to  sweat*  the  solder  to  a^plice. 
Small-sized  wire  is  best  soldered  with  a  copper. 
Large-size  requires  a  blowtorch  or  an  alcohol 
torch. 

Always  remember  in  soldering  that  you  will 
never  get  the  solder  to  stick  unless  and  until 
the  splice  itself  is  hot  enough  to  melt  the  solder. 
When  you  apply  the  soldering  copper  to  the 
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splice,  allow  enough  time  for  the  splice  to  heat 
up  before  you  apply  the  solder  itself t  To  deter- 
mine when  the  splice  is  hot  enough,  however, 
hold  the  solder  to  the  side  of  the  splice  OPPO- 
SITE the  soldering  copper.  When  the  solder 
melts,  the  splice  is  hot  enough,  and  the  solder 
will  then  flow  into  every  crack  and  hidden  space. 

Figure  7-28  shows  wrong  and  right  ways  of 
soldering  a  splice. 


wrong 


SOLOER 


right  * 

.  73.261 

Figure  7-28.-Right  and  wrong  ways 
of  soldering  a  splice. 

Refer  to  Chapter  7,  Basic  Electricity,  Nav- 
Pers  10068-B,  and  to  Basic  HandtoolstNavPers 
10085 for  further  information  Regarding  solder- 
ing and  splicing.  0 

MINOR  REPAIRS  TO  LIGHTING 
FIXTURES  \ 


fixtures  is  a  common 
uorescent  lighting  fix- 
r  the  principle  of  this 
>bof  trouble-shooting 


Trouble  in  lighting 
problem,  especially  ii* 
tures,  but  a  knowledge 
type  of  fixture  makes  t 
a  lot  easier. 

II  you  are  having  trouble  with  fluorescent 
lamps,  check  the  voltage  on  this  particular 
circuit.  Fluorescent  lamps  are  made  to  op- 
erate on  a  very  small  variation  in  voltage. 
Check  the  sockets  also, as  they  may  come  loose 
and  spread  apart,  so  as  not  to  permit  the  con- 
tacts to  make  a  good  connection.  Figure  7-29 
shows  typical  fluorescent  circuits. 


With  incandescent  lighting  most  of  the  trouble 
is  caused  by  bad  sockets  or  bad  wiring  in  the 
fixture.  Loose  lamps  in  the  socket  will  cause 
arcing,  especially  with  the  larger  lamps.  A 
pitted  surface  on  the  center  contact  of  the  socket  . 
prevents  a  good  contact. 

A  maintenance  chart  for  fluorescent  and  in- 
candescent lighting  will  prove  helpful  in  locat- 
ing trouble  (Table  7-2). 

APPLIANCE  REPAIRS  * 

Although  most  repairs  related  to  appliances 
will  require  removing  and  taking  to  the  shop, 
some  minor repairscanbedoneonthe^premises. 

Check  first  for  loose  connections.  In  an 
electric  range,  a  loose  wire  could  be  touching 
the  frame  of  the  range  arid  this  could  cause  a 
fuse  to  burn  out.  With  a  refrigerator,  there  is 
very  little  Jthat  can  be  done. except  to  check  the 
cord  and  attachment  plug,  -as  most  of  these 
appliances  have,  a  -sealed,  unit ,  with  the  motor 
and  compressor  sealed  up  in  a  container. 

For  small  appliances,  always  check  the  cord . 
and  plug  first,  unless  trouble  elsewhere  is 
obvious  on  inspection. 

In  repairing  or  servicing  electric  water 
c  heaters,  it  is  always  best  to  work  in  conjunc- 
tion with  a  Utilitiesman.  In.  this  and  many 
other  trouble  calls  you  will  probably  have  to 
change  the  element,  and  if  the  element  is  of  the 
immersion  type,  you  will  have  to  drain  all  water. . 
from  the  tank  before  removing  the  element. 
Some  water  heaters  have  a  wrap-around  ele- 
ment, and  this  type  can  be  removed  from,  the 
inspection  doors  without  opening  the  tank.  Wlien 
removing  this  type,  always  pull  a  line  around 
thetankas  you  jremove  the  faulty  element,  so  that 
you  can  use  the  same  line  to  pull  in  the  new  one. 

SAFETY  PRECAUTIONS 

Electrical  safety  is  an  all  hands  job.  How- 
ever ,  every  CE  must  understand  that  every  elec- 
trical device  which  he  handles  carelessly  can 
cause  death  to  himself  or  to  others.  The  CE 
must  never  let  familiarity  with  his  work  lessen^ 
the  habitual  determination  to  be  careful  and,  by 

,  that  means,  to  stay  alive.  • 

If  the  CE  does  hot  know  the  safe  way  to 
do  his  work,  it  will  pay  him  to  find  Out.  This 
requires  using  PRECAUTION  constantly- 

"  taking  measures ,  BEFOREHAND  to  ward  off 
accident,  or  to  secure  success  without  harm  to 
himself  of  others. 
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BALLAST 


 8ALLAST  


HI- 


LAMP. 


5* 


ONE  LIGHT,  40  WATT, 1 15  VOLT 
FLUORESCENT  CIRCUIT 


wwh — ♦ 

*         Lrm  I 


RED 


RED 


LAMP 


LAMP 


/ 

TWO  LIGHT,  40  WATT, WM5  VOLT  FLUORESCENT  CIRCUIT 
BALLAST 


1  I  1  I  1 


THREE~LIGHT .  40  WATT,  115  VOLT  FLUORESCENT  CIRCUIT 

\  Figure  7-29. -Representative  fluorescent  circuits. 
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Table  7-2.— Lighting  maintenance  chart. 


%  Incandescent 


Symptom 

'            Possible  Cause 

;  Remedy 

Lamp  out,  but  nnt  < 

defective 
Lamp  burns  dim 

Short  lamp  life 
Lamp  breakage 

Loose  lamp,  or  loose  or  broken  con- 
nections. 
Low  voltage. 

High  voltage,  or  J&ulb  cracked,  or 
incorrect  lamp,  or  excessive 
vibration. 

Water  contacts  lamp  bulb,  or.  bulb 
touches  luminalre. 

i 

• 

Tighten  in  socket,  or  secure  termi- 
nals, or  repair  wiring. 

Match  lamp  rating  to  line  voltage.  ; 
Increase  line  voltage.'  / 

Match  lamp,  rating  to  line  voltage  / 
and  reduce  voltage.  Replace  lamp. 
Replace  with  lamp  of  proper  rating. 
Use  shock-absorbing  device. 

Use  inclosed,  vagortight  luminalre 
if  water  vapor  is  present.  Seal 
joint  where  conduit  stem  enters 
iumlnairfe.  Use  correct-size  lamp. 
Straighten  socket. 

1              .  Fluorescent 

Symptom 

Possible  Cause 

♦  Remedy 

Lamp  does  not 
start  or  flashes 
on  and  off. 

Note;  A  flashing 
lamp  usually  Indi- 
cates end  of  lamp 
life. 

Lamp  flickers; 
arc  wiggles, 
swirls  orfluttei*3 

Lamp  starts  slowly 
(should  start  in 
a  few  seconds) 

Short  lamp  life  (A 
few  early  failures 
do  not  Indicate 
average  for group. 
Some  fail  after  a 
few  hundred  hours; 
others  last  4000- 
60ti0  hrs. ) 

Radio  interference 

*  Noise  from  ballast. 

(Don1 1  expect  per- 
„  feet  silence) 

Lamp  pins  not  contacting,  or  lamp  * 
worn  out,  or  starter  defective,  or  Q 
low  line  voltage,  or  fault  in 
circuit  of  luminalre; 

Seat  lamp  firmly  and  correctly.  Re- 
place withtested  lamp.  Replace 
with  tested  starter.  Check  with 
voltmeter.  Check  wiring  and  lamp 
holders.  Check  ballast. 

♦ 

Defect  which  occurs  in  both  new  and 
old  lamps. 

Low  line  voltage  or  slow  starter. 

Low  lin^  voltage,  or  lanv;s  turned  on 
and  off  too  often. 

Turn  luminalre  on  and  off  several 
times.  Allow  a  new  lamp  to  oper- 
ate a  few  hours  for  seasoning.  Re- 
move lamp  knd  shake  one  end  down. 
Replace  lamp  If  flicker  persists. 
If  flicker  is  repeated  in  new  lamp, 
replace  starter 

Check  with  voltmeter.  Replace 
starter. 

Check  with  Voltmeter. 

r  * 

o 

0 

May  originate  from  other  source- 
radio  too  close  to  lamp— aerial  lead* 
lii  not  shielded. 

Operate  radio  with  fluorescent  lamps 
turned  off.  Move  radio  9  to  10  ft  from 
lamp.  Shield  lead- in andground 
shield.  Install  filter  radio  or  lumi- 
nairfc. 

If  quiet  necessary,  take  special  pre- 
cautions in  locating  ballast.  If  unit 
*  very  noisy,  replace  ballast. 
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CHAPTER  8 

CENTRAL  POWER  STATION  OPERATION 


Electrical  power  throughout  the  world  has 
become  so  widespread  and.  reliable,  we  almost 
take  it  for  granted.  Failure  of  commercial 
power  can  cause  severe  hardships.  Remember 
the  "blackout"  that  occurred  in  the  mid-1960s? 
A  large  portion  of  the  northeastern  part  of  the 
United  States  remained  without  power  for  an 
uncomfortable  amount  of  time. 

You  can  recognize  the  importance,  therefore, 
of  being  able  to  produce  electric  power  locally. 
In  military  operations,  your  ability  to  produce 
#  electricity  is  frequently  an  absolute  necessity. 
How  do  weA produce  this  power?  One  method  is 
to  use  epgine  generators. 

In  this  chapter,  we  will  discuss  the  installa- 
tion, operation,  and  components  of  a  variety  of 
engine  generators.  Upon  .completion^  this 
chapter,  and  under  the  guidance  of  senior  petty 
officers,  you  should  be  able  to  install,  operate, 
maintain,  and  troubleshoot  equipment  efficiently 
and  safely. 


INSTALLING  CENTRAL 
POWER  STATION 

The  central  point  of  a  power  distribution 
system  is  the  generating  station.  For  an  ad- 
vanced base  (temporary  base  located  in  or  near 
forward  areas  outside  the  Zone  of  the  Interior, 
the  primary  mission  of  which  is  to  support  mili- 
tary operations  of  the  Armed  Forces),  the  gen- 
erators must  be  rugged  enough  to  take  the  effects 
of  rain,  snow,  or  other  severe  weather  condi- 
tions. They  must  also  be  portable,  to  permit 
changes  in  location  which  may  be  necessitated 
by  a  variety  of  circumstances. 

An  advanced  base  generator  set  is  built  as  a 
complete  unit  which  includes,  besides  the  gen- 
erator itself,  the, prime  mover  and  switchboard. 
Such  a  unit  can  be  installed  rapidly  at  a  point 
where  power  is  needed*  However,  it  is  advisable 
to  establish  a  larger  central  generating  station, 
capable  of  producing  more  power,  as  soon  as 
possible.  A  central  power  station  usually  in- 
cludes two  main  generators  and  one  reserye  or 
emergency  unit. 


The  initial&eneraiion  and  distribution  system 1 
usually  provided  for  use  at  an  advanced  base 
is  120/240-volt,  3-jphase,  4-wire  grounded 
neutral.  For  replacement  a  2400/4160-volt, 
3 -phase,  4-wire  generation  and  distribution  sys- 
tem is  used.-  This  system  employs*  2400/4160- 
volt,  4-wire,  grounded  •  neutral  generators  in 
banks  of  two  or  more  in  parallel.       ■  /. 

There  are  three  things  in  particular,  which  i 
must  be  given  careful  attention  when  a  power 
station  is  to  be  installed**!  They  are  vibration, 
ventilation,  and  grounding. 

Vibration  must  be  kept  to  a  minimum,  which 
means  that  generator  foundations  must  be  level 
and  based  on  firm  support.  If  time  permits,  a- 
poured  concrete  foundation  is  best.  A  level 
and  firmly  supported  wood  platform  is  next 
best.  Make  sure  in  any  case  that  the  founda- 
tion is  level,  and  that  the  generator  is  level  on 
the  foundation.  If  the  generator  is  not  directly 
connected  to  the  prime  mover,  a  flexible 'cou- 
pling (similar  to  the  "universal  jointft^on  an 
automobile  drive  shaft)  between  generator  shaft 
and  prime-mover  shaft  will  accommodate  any 
slight  misalignment  of  the  shafts. 

The  location  must  be  dry  and  well  ventilated, 
to  prevent  deterioration  of  insulation  from  damp-' 
ness.  Make  sure  that  there  is  sufficient  working 
spate  around  equipment  to  permit  convenient 
and  safe  maintenance  work.  Jr>  \t 

The  frame  of  a  generator  with  a  terminal 
voltage  of  more  than  150  volts  should  be 
grounded.  The  grounding  system  for  a  genera- 
tor station  should  have  a  resistance  of  less  than 
1  ohm.  No  live  parts  of  the  unit  should  be  left 
exposed. 

The  generator  voltage  output  }s  controlled  at 
the  switchboard.*  It  is  first  delivered  to  the  bus 
bars, (bus  bars  are  explained  later  in  thk  chap- 
ter), and  distributed  from  there  to  the  feeder 
lines.  All  of  this  system  should  be  carefully 
inspected  after  the  plant  has  been  installed  and 
BEFORE  it  «s  put  into  operation.  ?  \ 

Cleanliness,  as  mentioned  in  a  previous 
chapter,  is  vital.  When  oiling  bearings,  be  sure 
no  oil  is  spilled.  Oil  in  the  windings  can. cause  . 
serious  damage.  * 
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A  visual  Inspection  should  be  m^de  for  loose 
or  broken  electrical  connections,  or  loose  bolts 
or  screws.  If  there  is  any  doubt  about  a  wiring 
connection,  recheck  against  the  wiring  diagrams 
contained  m  the  manufacturer's  manuals. 

Before  the  plant  is  put  into  operation  check 
all  electrical  connections  to  ensure  that  they 
agree  with  diagrams  and  ascertain  that  collector 
rings  are  clean  and  polishecU  Then,  check  ail 
brushes  for  location,  and  ensure  that  they  do  not 
sticfcin  the  brush  holders.  Verily  brush  pres- 
sure to  ensure  that  it  agrees  with  that  recom- 
mended in  operational  manuals*  • 

In -most  cases,  generators  supplying  power 
to  feeder  lines  are  of  the  3 -phase  type.  Only 
very  small  portable  units  are  sihgle  phase,  for 
the  initial.  120/240-voit  generator  which  is  in- 
stalled first  and  replaced  by  thecentral  plant, 
a  concrete  foundation  is  not  necessary.  How- 
ever, such  a  generator  mist  have  a  firm  founda- 
tion, and  must  be  protected  from  the  weather  as 
much  as  possible. 


CONTROL  PANELS 

Eviry  generator  setat an  advanced  base  must 
have  a  control  panel.  This  may  or  may  ,not  be 
"i-  a  built-in  part  of  the  unit.  The  size  of  the  panel 

and  the  number  and  type  of  controls  mounted 
tixereon  will  depend  on  the  size  of  the  generator 
^j^Und-the-typToI^         for  which  the  sta- 

~— -  ^lion  must  supply  i»wer. 

A  generator  :must  be  setup  immediately  when 
ajvadvanced  base  is  first  occupied,  to  provide 
— "  "  power  for  temporary  lighting,  communications, 
and  other  services  as  needed.  If  .the  base  is.to 
-be  a  permanent  one,  a  central  power  station 
must  be  es&blished  for  control  and  distribution 
of  electric  "power  to  all  spaces  and  services 
which  are  to  be  located-aHhe  base. 
.  For  an\initial,  temporary  unit  the  panel -or 

control  board  contains  all  the  necessary  meters, 
switches,  and  other  devices.  For  a  permanent 
central  power  station2with  two  main  generators, 
the  control  panel  is  ,a  combination  of-twb  1£ards, 
one  for  each  main  generator  unit.  This  issem- 
'  bly'ls  known  as  "switchftar."  ^\ 
v        Figure  8-1  shows  the  control  panel  for  a 
temporary  single -generator  unit.   Figure  8-2 
shows  the  control  board  of  a  single  generator  in 
a  central  pbwer  station.  Figure  8-3  shows  the 
switchgear  unit  for  a  centratpower  station  con- 
/   tainin*  two  diesel-el'ectric  plants. 
-       /•  y    Aitudy  of  these  three  illustrations  will  snow 
'thatthere  is  a  considerable  difference  between 


the  instruments  shown* in  figure  8-1  and  those 
shown  in  figure  8-2.  However,  you  can  see  that 
each  of  the  two  panels  shown  to  the;  right  in 
figure  8-3  is  identical  with  the  panel  shown  in 
figure  8-2.  To  the  left  in  figure  8-3,  however, 
there  is  a  panel  carrying  meters  and  switches 
common  to  the  two  generators  in  the  unit. 

In  the  control  panel  shown  in  figure  8-1  there 
are  18  identified  devices.  Eight  of  these  relate 
t<Jthe  prime  mover.  The  installation,  operation, 
and  maintenance  of  the  prime  mover  are  not  re- 
sponsibilities of  the  CE,  but  you  should  under- 
stand the  purposes  of  control  board  devices-used 
for  those  ends.  Operating  the  uhif  becomes  easy 
if  youknowthe  part  each  meter  and  control  plays. 
*  -  The  STARTER  SWITCH  controls  the  starting 
motor.  Pushing  the  starter  switch  completes 
the  circuit  between  the  battery  and, the  starting 

m°The  THROTTLE  normally  controls  the^amount 
of  fuel  fed  into  the  cylinders  of  the  engine  and 
therefore  c'ontrolsthe  speedof  the  engine.  Most 
of  the  advanced*  base  generating  units  are 
equipped  with  a  GOVERNOR.  The  governor  is 
an  automatic  throttle  that  maintains  a  constant 
engine  speed  by  counteracting  changes  in  load. 
Thus,  the  frequency  output  of  the  generator  is 
kept  constant. 

_JThe  AIR-HEATER  SWITCH  controls  the  cur- 
rent to  an  ignition  system  in  the  air-heater  unit 
installed  in  the  engine.  The  air-heater  unit 
preheats.  the  ingoing  charge  of  air  to  the  cylin- 
ders. This  unit  is  used  only  for  cold-weather 
starting.  The  air-heater  switch  is  turned  off 
after  the  engine  has  started.  It  is  common 
practice  to  preheat  the  large  Diesel  engines  for 
cold-weather  starting.  Several*  methods  exist. 
One  is  described  below. 

The  AIR-HEATER  PUMP  18  U8ed  ln\  conjunc- 
tion with  the  air-heater  .switch.  Operating  this 
puinp  causes  oil  to  flow  under  pressure  from 
the  air-heater  unit  spray-  nozzle.  JThe  ignition 
system  in  the  air -heater-unit  ignites  the  oil 
__sprayr  TheTSeat  from  this  miniature  oil  burner 
warms  the  ingoing  charge  of,  air. 

The  E  LAPSED-TIME  METER  indicates  the 
number  of  hours  the  engine  is,  in  operation.  You 
will  record  the  reading  of  the  elapsed-time  meter 
in  the  log.\  It  is  used  to  determine  when  the 
engine  is  r^ady  for  maintenance  or  lubrication. 

The  OIL-PRESSURE  GAGE  indicates  the  en- 
gine oil  pressure.  A  quick  look  at  this  gage 
tells  you  the  condition  of  your  lubricating  sys- 
tem. The  normal  operating  pressure  averages 
about  30  pounds  per  square  inch. 
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■/  ^73;63 
Figure  8-1.— Control  panel  for,  single  diesel -driven  generator  unit.  * 


The  WATER-TEMPERATURE  GAGE  indi- 
cates the  temperature  of  the  cooling  water  in 
the  engine*  The  water  temperature  should  read 
160-185° F  under  normal  operation  of  non- 
pressurized  systems. 

The  BATTERY-CHARGING  AMMETER  in- 
dicates the  amount  of  current  sent  over  to  the 
bajttery  from  the  charging  generator.  It  also 
indicates  the  amount  pf  current  being  delivered 
by  the  battery  on  discharge. 

*  The  FIELD  SWITCH  controls  the  output  of 
the  exciter*  In  the  OFF  position,  the  switch 
disconnects  the  exciter  field  from  the  exciter 

.armature.  In  the  ON  position,  the  exciter  field 
is  connected  to  the  exciter  armature.  Since  the 
exciter  supplies  current  to  the  alternator -field 
coils,  the  field  switch  also  controls  the  alternator 
output;  Before  the  engine  is  stopped,  the  field 

/switch  is  thrown  to  the  OFF  position.  This 
action  disconnects  the  exciter  field  and  at  the 
same  time  shuhts  a  FIELD-DISCHARGE  RE- 
SISTOR across\  the  exciter-field  coils.  The 
field-discharge  resistor  absorbs  any  high  volt- 
ages which  might- result  from  the  quick  opening 
of  the  field  circuit:  , '  \  \ 

The  FIELD  RHEOSTAT  is  a  manually  con- 
trolled variable  resistor  that  is  placed  in  series 
with  the  exciter  field.  It  controls  the  voltage 


output  of/the  exciter.  The  value  of  the  exciter 
voltage  determines  the  amount  of  exciter  cur- 
rent flowing ,  in  the  alternator  field  coils.  The 
amount  pf  exciter  current,  in  turn,  controls  the 
voltage  butputf  of  the  alternator.  Thus,  when 
you  adjust  the  field  rheostat^  the  result  is  seen 
as  an  increase  or  decrease  of  the  voltage  out- 
put of  your  generator  unit. 

The  VOLTAGE  REGULATOR  also  serves  to 
control  the  voltage.  It  makes  your  generator 
watch  an  easy  job.  Without  the  voi'ige  regula- 
tor it  would  be,  necessary  for  you  10  change  the 
field-rheostat  setting  each  time  the  output  volt- 
age of  your  generator  unit  varied  from  its  nor- 
mal value.  The  voltage  regulator  does  this  for 
you  automatically;  .Like  the  field  rheostat,  the 
voltage  regulator  is  a  variable  resistance  In 
series  with  the  exciter  field.  The  resistance  is 
varied  automatically  by  a  control  unit.  The 
control. unit  takes  changes  in  generator  voltage, 
and  converts  them  to  \changes  in  mechanical 
motion.  The  changes  in\mechanical  motion  will 
increase  or  decrease  the  voltage  regulator 
resistance.  In  this  manner  the.  output  of\your  , 
generator  isicept  at  a  constant  value. 

The  VOETA&E -REGULATOR  SWITCH  in  the 
ON  position  puts  the  voltage-regulator  unit  to  - 
work.  With  the  switch  in  the  OFF  position  you 

'  \ 
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Figure  8-2. -Control  board  of  a  single  generator  In  a  central  pdwer  plant. 


must  use  the  field  rheostat  to  Adjust  the  voltage 
output  of  the  generator  unit. 

The  VOLTAGE-REGULATOR  RHEOSTAT  is 
a  smalkvariable  resistor  mountedon  the  voltage- 
regulator  unit.°  It  Is  In  operation  only  when  the 
voltage  regulator  Is  In  the  circuit.  The  setting 
of  the  voltage -regulator  rheostat  determines 
the  value  of  voltage  kept  constant  by  the  voltage 
regulator.      ;  * 


The  A.  C.  VOLTMETER  indicates  the  voltage 
output  of  your  generator  unit. ,  When  you  adjust 
your  field  rheostat  or*  voltage-regulator  rheo- 
stat you  will  be  watching  the  a._c.  voltmeter.  It 
will  tell  you.when  you  have  reached  the  genera- 
tor's rated  voltage  output.  , 

The  A.  C.  AMMETER  Indicates  the  current 
output  of  your  generator  unit.  Any  ^overload  or 
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Figure  8-3.-Switchgear  Unit  for  central  power  station. 
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unbalancing  of  a  line  can  be  spotted  with  this 
instrument  « 

The  METER  SWITCH  is  necessary  because 
this  particular  unit  is  a  three-phase  generator* 
Each  position  of  the  switch  pub  the  a.  c.  volt- 
meter and  the,  a.  c.  ammeter  fn  a  different  leg 
of  the  three-Dhkse  line.  \ Thus  you  are  abte  to 
read  the  voltage  across  \any  two  legtf'andthe 
current,  in  any  one  leg.  the  OFF  position  of  th« 
A  switch  disconnects  the  ammeter  and  voltmeter 
;  completely* 

The  FREQUENCY  METER  measures  the  f re  - 
\\quency' (hertz)  of  the  voltage  generated  by  the 
\altemator.  \  .  : 

The  SYNCHRONIZING  LAMPS  are  ufeedwhen 
the  generator  unit  is  being  paralleled  with  an- 
other generator. 


The  SYNCHRONIZING- LAMP  SWITCH  con- 
trois  the  synchronizing  circuit. 
*<*  The  MAIN  SWITCH  opens  or  closes  the  cir- 
cuit between  the  generator!  and  the  load.  Re- 
member that  it  doesn't  shut,  the  engine  off.  In 
most  cases  the  main  switch  will  have  a  built-in 
CIRCUIT-BREAKER.  \This  device  will  auto- 
matically open  the  main  switch  whenever  axon- 
tinuous 'overload  current,  appears  on*  the  line. 

Ail  of  these  meters,  switches,  and  controls 
mounted  on  the  faceVof  a  panel  board  or  switch- 
gear  unit  either  control  or  are  controlled  by 
<othdr  equipment  located  behind  the  board.  .For  \ 
example;  'the  output  cables  from  the  generator  \ 
arc  brought  to  the  back  of  .the  switchgear  and 
connected  to  the  line  terminals  of  the  main 
switch.  The  load  terminals  of  the  main  switch 
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are  connected  to  the  bus  bars.  These  bus  bars 
are  bar  conductors  which  serve  as  collection; 
and^dlstfibu«6n^oInts--that  Is,  they  receive 
thepower  generated  by. the  system,  and  distribute 
the  same  to  the  distribution  circuits  leading  to 
the  various  points  of  consumption. 

At  least  once  a  year,  a  check  should  be  made 
of  the  switchgear  component,  with  careful  atten- 
tion given  to  the  following  factors. 

General  cleaning  of  the  component  parts  is 
essential.  The  front  panels  ,of  dead -front  switch- 
boards can  be*  wiped  off  with  a  dry  cloth.  A 
metal -covered  switchgear  can  be  opened  and  In- 
spected for  surface  cleanliness.   Before  any 
work  Is  done  on  live  parts,  however,  deenergize 
the  switchboard.  Wipe  all  dust  from  bus  bars 
-  and  Insulating  material.  - 
•  Inspect  electrical  connections  and  mechanical 
fastenings.  Do  notllmit^thls-cheic^  to  a  sfgfit 
^Inspection)  but  fouVh  and  shake  the  various  parts 
v  jQ^nake  sure  that  all  connections  are  tight,  and 
allimechanlcal  parts  free  to  function  properly. 
P?y  special  attention  to  the  bolted  joints  of  the 
bus  bar,  because  u  loose  joint  can  cause  over- 
,  heating. 

Examine  all  meters  and  instruments  mounted 
on  the  switchgear  panels.  Look  for  cracked  or 
broken  glass,  or  signs  of,  damage  to  the  cases. 
Adjust  the  pointer  of  ea^h  Instrument,  so  that  It 
reads  zero  when  the  Instrument  Is  not  energized. 

Examine  all  Indicating  lamps,  to  make  sure 
that  none'  are  burned  out. 

Inspect  all  Instrument  transformers  mounted 
on  the  switchboard.  To  be  In  good  condition,  an 
Instrument  transformer  must  have  all  primary 
and  secondary  connections  tight,  and  all  ground- 
teg,  connections  intact.  \  Potential  transformer 
(uses  must  make  firm  Contact  In  their  clips. 

Check  the  condition  of  all  ^rheostat  mecha- 
nisms. Replace  broken  or  burned-out  resistors. 
,  <  If  no  replacements  are  available,  make  tempo- 
rary repairs  by  bridging  the  burned -out  sections! 
C(ieck  to  see  that  there  Is  nothing  to  block  the 
ventilation  of  rheostats  and  resistors. 

Test  the  operation  oil  switchgear  position- 
changing  mechanisms,  such  as  the  lowering  and 
raising  mechanisms,  and  the  pullout  devices  of 
the  circuit  breakers  used  in  metal -clad  switch- 
gear. 

INSTRUMENT  TRANSFORMERS 

*  •  The  voltage  and  currents  delivered  by  a  gc«- 

*  eratlng  system  to  the  bus  bars  are  too  high  for 
safe  operation  of  most  of  trie  switchboard 


\ 


apparatus,  particularly  tfcff  switchboard  instru- 
— ments; — Instrument  transformers,  therefore, 
are  mounted  on  the  back  of  the  switchboard  and 
connected  to  the  bus  bars.  Their  purpose  is  to 
step  down  the  voltages  and  currents  fed  to  in- 
struments, relays,  voltage  regulators,  and  the 
•  like.  By  the  use  of  transformers,  switchboard 
apparatus  can  be  Insulated  from  the  high -voltage 
circuit,  yet  receive  enough  power  to  indicate 
accurately  the  voltage,  current,  and  power  In  the 
circuit. 

Transformers  used  to  reduce  high  current 
values  to  the  small  values  required  to  operate 
ammeters,  or  to  operate  current  coils  in  other 
instruments,  are  called  current  transformers. 
Transformers  .which  reduce  high  ~  voltages  to 
smaller  voltages  required  to  operate  voltmeters 
or Jfae-potential^coils~of:  other  Instruments  are 
known  as  "voltage"  or  "potential""  transformers. 

\  Instrument  transformers  are  explained  in 
chapter  15   of   Basic  Electricity,  NavPers 
*  10086 -B,    To  the  discussion  contained  In  that 
chapter,  the  following  may  be  added. 

The  primary,  winding  of  a  current  trans- 
former may  consist  of  a  few  turns  around  a 
laminated  ironcpre,  or  it  may,  In  some  cases, 
consist  of  the  bus  bar  or  cable  carrying  the  line 
current.  The  primary  winding  Is  always  con- 
nected In  series  with  the  line. 

The  secondary  winding  consists  of  several 
turns  of  relatively  small  wire  wound  around  a 
laminated  core.  It  Is  the  secondary,  of  course, 
that  Is  connected  to  the  ammeter  or  other  In- 
strument or  switchboard  device.  The  current 
rating  of  the  secondary  on  practically  any  cur- 
rent transformer  Is  5  amperes,  regardless  of 
the  current  rating  of  the  primary. 

The  secondary  of  a  current  transformer 
9  should  never  be  open-circuited  while  the  pri- 
mary Is  energised.  An  open-circuited  current 
transformer  might  develop  several  thousand 
volts  across  the  secondary,  where  there  would 
be  only  a  few  millivolts  (a  Jiillivoit.is  0.001 
volt)  If  the  secondary1  circuit  were  closed*.  This 
high  voltage  might  well  cause  severe,  even  fatal, 
shock  to  the  operator.  It  would  in  any  case  break 
down  insulatfbff  and  destroy  the  transformer. 
Hence  the  invariable  rule:  NEVER  OPEN  THE 
SECONDARY  OF  A  CURRENT  TRANSFORMER 
WHEN  IT  .IS  CONNECTED  IN  THE  CIRCUIT. 

Potential  (voltage)  transformers  have  a  low 
current  rating.  The  low  sldfe  of  the  transformer 
is  usually  wound  for  110  votts,  and  the  ratio' of 
turns  on  one  side  to  turns  on  the  other  is  deter- 
mined by  the  rating  of  the  high-voltage  side. 
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The  primary  is  connected  across  the  voltage 
source  to  be  measured,  and  the  secondary  is 
connected  to  the  meter  or  other  instrument  or 
device.,  The  current  through  the  potential  trans- 
former depends  on  the  burden  Imposed  by  the 
load  on  Oleometer  or  other  device;  This  load  is 
always  constant. 

The  secondary  should  always  be  grounded  *at 
one  terminal,. to  eliminate  static  from  the  meas- 
uring instrument,. and  also  to  protect  personnel. 
Again  there  is  an  important  safety  precaution: 
NEVER- SHORT-CIRCUIT  THE  SECONDARY 
OF  A  POTENTIAL  TRANSFORMER. 

BUS  BARS 


'  The  bus  bars  through  which^the  power  gen- 
erated at  a  station  is  distributed  to  the  distribu- 
tion lines  are  solid  copper  bars  or  coppe^ tubes, 
.  Except  in  portable  or  temporaryjunits^In-these" 
^nlts^iiwulated-cablea  lS^e  enough  to  handle  the 
load  are  used  instead  of  copper  bars  or  tubes. 
In  a  modern  metal  -clad  switchfcear  assembly  the 
bus  bars  extend  from  one  switchgear  unit  to  the 
1  next.    A  ground  bus  extends  throughout  the 
,  switchboard  assembly.  Access  to  the  main  Wis 
is  provided  at  ,the  rear  of  the  switchgear  unit. 

Various  controls  have  been  explained  and  il- 
lustrated in  this  chapter,  but  surfce  protection 
(protection  against  lighttiing)  and  controls  for 
feeder  circuits  remain  to  be  mentioned.  If  your 
central  power  station  has  the  newer  type  of 
metal-clad  switchgear,  there  will  probably  be 
one  unit  for  surge  protection  in  the  assembly. 
This  unit  will  contain  a  set  of  main  bus  bars, 
capacitors,  and  lightning  arresters.  jf>ere  will 
also  be,  afeeder  circuitunitfrdytnwhichtfie  power 
is  sent  out  over  feeder  cables  t3  the  point  of  con- 
sumption. This  unit  will  contain  a  set  of  main 
bus  bars,  a  feeder  circuit  breaker,  instrument 
transformers,  and  the  necessary  switches, 
meters,  and  relays-. 
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The  metal  cabinet  in  which  each  power  panel 
>  is  mounted,  and  the  neutralbusinthe  switchgear 
ynit,  must  be  grounded.  However,  there  are 
many  metal  noncur rent -carrying  parts  of  tHe 
distribution  system  that  must  be  grounded  as 
well.  It  is  the  custom,  therefore,  to  draw  up  a 
grounding  plan  or  system  whichwill  ensure  that 
all  metal  parts  (such  as  the  bases  and  frames 
of, motors  and  generators,  the  steel  tanks  of  dis- 
tribution transformers,  switchgear  apparatus, 


and  any  other  metal  parts  which  might  permit 
development  of  an  electrostatic  field)  are 
grounded.  '  — 

Figure  8-4  shows  a  representative  grounding 
f  plan.  The  dotted  lines  represent  grounding 
cables.  The  letter  "R"  denotes  the  locations  of 
driven  ground  rods.  The  letter  "A"  indicates 
points  at  which  branch  cables  are  connected  to 
the  equipment.  Bare  stranded  copper  cable  is 
used  throughout  the  system,  with  size  l/O  awg 
used  for  the  main  ground  and  for  the  branch 
.  cables. 

The  usual  method  is  to  install  the  preliminary 
features  ,of  the  grounding  system  during  the 
_ early  stages  of  base  construction  Cables  must 
be  laid  and  ground  rods  driven  before  the  con- 
crete  foundations  and  decks  are  poured.  When 
the  power  plant  has  b^e^install'ed^the-branch" 
__c^>l.es.are«connected^tone  end  to  the  equipment 
and  at  the  other  end  to  the.  m^in  belt  of  cable 
encircling  and  running  through  the  station.  .This 
main  cable  is  earth-grounded' at1  frequent  inter- 
vals throughput  its  run  (see  letter  "R"  points  in 
fig.  8-4).  ^ 

One  way  to  ccmnect  branch  cables  to  main 
cables  and  the  main  cables  to  ground  rods  is  by 
the  use  of  "ground  clamps."  Howeyer,  metal 
clamps  tend  to  corrode,  and  corrosion  causes 
high  resistance  (ground  resistance  miist  be  less 
than  1  ohm).  To  overcome  this  problem,  the 
metal  must  be  cleaned  thoroughly  and  the  con- 
nection .made  very  tight.  Periodic  inspections 
of  the  connections  must  be  made  to  ensure  that 
resistance  to  ground  does  not  deyelop. 

To  eliminate  ^the  problenl  of  !dev eloping  re- 
sistance in  groundclamp  connections,  a  thermit 
welc}  process  called  the  Cadweld  process  is 
usedion  Navy  installations.  (  For  this  type  of 
weld,\  no  outside  source  of  power  or  heat  is  re- 
quired. The  equipment' used  includes  k'mold 
which  is  clamped  over  ground  rod  and  cable, 
.  or  ove$  main  and  branch  cables, '  at  the  point  of  \ 
connection.  \ 
•  The  lower  part  of  this  mold  has  cavities 
which  receive  the  items  to  be  joined.  The  upper 
part  has  a  cavity  into  which  first  a  metal  oxide 
is  poured,  and  next  a  starting  powder  which,  upon 
being  ignited,  burns  at  very  high  temperature. 

The  starting  powder  ls\  ignited  by  a  spark 
from  a  welder1?  flint  lighter.  Trie  resulting  re- 
action in  \the  starting  powder  mWts  the  metal 
oxiderwhich  flows  from  the  upper  recess  in  the 
piold  into  the  lower,  cools  and  hardens  there, - 
knd  thus  fuses  the  items  to  be  connected  to- 
gether. 
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Figure  8-4;-Representative  grounding  plan  for  advanced  base  power  plant: 


Because  the  reaction  occurs  quickly  and  with 
high  thermal  efficiency,  the  processes  ideally 
suited  for  joining  copper  conductors*  (Normally* 
the  weld  is  completed  10  seconds  after  the 
powder  is  ignited  \  This  is  of  great  advantage 
where  protection  of  conductor  insulation  is  a 
consideration,  because  in  a  lengthy  heating 
process  the  temperature  of  a  considerable 
length  of  conductor  might  be  raised  hitfti  enough 
to  damage  insulation.  ^ 
'  Figure  8-5  shows  Cadweid  equipment  and 
material  used  to.  weld  a  ground  conductor  to  a 
groundrod.  A  is  the  mold,  B  is  the  clamp  which 
holds  &e  mold  in  position,  C  is  the  cartridge 
containing  the  powdered  metal  oxide  and  the 
starting  powder ,  and  D is* welder^sntoliighter . 
Figure  8-6\ shows  some  Welds  made, by  the  Cad- 
^weld-process. 

*[  \     ^  OPERATION 

Once  the  central  po^er  station  has  been  es- 
tablished, the  various  base  activities  should  be 
able  to  count  on  a  .essaUmoM  JtndJkdequateil03ju 
of  elk  trie '.current  to  supply  the  needaof  the 
liW  and  working  spaces*.  A  ^Construction 
Electrician  who  has  worked  on  the  installation 
of  the  power  distribution,  system  will  have  a^ 


good  working  knowledge  of  this  system  as  a 
"whole.  Howevpr,  he  should  also  have  a  thorough 
understanding  of  how  to  operate  and  maintain 
the  equipment  in  the  power  generating  station. 

A  complete  knowledge  of|station  equipment 
can  be  obtained  from  three  sources  which  should 
give  you  all  the  information  you  need  to  satis- 
factorily operate  and  maintain!  a  generating 
plant.  These  three  sources  are;  the  information 
on  general-  operating  and  maintenance  proce- 
dures given  in  this,  chapter,  -electrical*  plans' 
ahd  diagrams  relating  to  generators,  ]  switch 
gear,  cables,  and  other  equipment,  and  \the  in- 
struction panual  furnished  for  each  piece  of 
equipment^  the  plant.  ,  \ 

standing  THE  generat^watch 

Constant,  around-the-clock  attention  must 
be  given  to  the  generators  at  a  central  power 

-  station'  that  is  required  to  supply  a  continuous 
and  adequate  amount  of  power.  The  24-hour 
period  is  divided  into  a  number  of  watches:  the 

_number. depends,  #f, course,  upon  the  personnel 
available  tor  this  typ4  of  duty. 

Afmostl  stations,  \  6 -hour  watches  are  the 
common  practice.  An  8-hour  watch  schedule 
does  not  ordinarily  work,  a  hardship,  faut  any 
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Figure  8-5. -Equipment  and  material  used  for  Cadweld  process. 


\  watches  of  more  than  8  hours  should  be  avoided 
\  unless  emergency  conditions  make  them  neces^ 

MAINTENANCE 

*  ■  e 

\^     To  keep  the  station^  equipment  operating  in  a 
-  -satisfactory  manner,  ypu  must  know  the  system 
ambits  operating  procedures  thoroughly.  You 
mutft^know  instantly  that  an  irregularity  has 
,   occurred,  its  probable  cause,  and  the  quickest 
and  best  way  to  remedy  it. 

The  absolute  necessity  for  keeping  spaces  in 
a  power  station  clean  and  orderly1  is  not  always 
fully  realized.  This  toot  only  protects  the  equip- 
ment,"but  is  also1  an  essential  safety  measure. 
Disorder  and  accident  go  together.  A  trip  or 
stumble  on  trash  or  clutter  in  a  pojver  station 
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can  send  you  into  contact  with  high"  voltage  and 
consequent  injury  or  death.  Even  minor  acci- 
dents to*  machinery  or  injuries  to  personnel  re- 
duce the  efficiency  of  the  station  and  conse- 
quently the  supply  of  power  to  the  base.  \ 
Keep  all  tools  in  proper  places,  when  not  in! 
use,-  so  you  can  find  the  tool  you  want  when  you 
want  it,  and  so  that  tools  out  of  place  will  not 
contribute  to  disordef  and  hazard.  Keep  oily 
waste  in  a  separate  container  from  clean  waste, 
and  reduce  fire  hazard  ^y  disposing  of  oily  waste 
at  least  once  daily.  Keep  the  floor  swept  down 
always,  apd  if  oil  or  grease  is  spilled,  clean  it 
up  at  once.  befor,e  it  is  tracked  about,  and  be- 
fore someone  slips  and  falls  on  it.  Make  sure 
that  all  auxiliary  equipment  is  in  good  condition, 
and  in  its  proper  place,  so  there  will  be  notdelay 
if  it  must  be  brought  into  emergency  service. 
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Figure  8-6.-Welds  made  by  Cadweld  process. 
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Tiie  following  list  of  rules  should  be  remem- 
bered when  you  are  standing  a  generator  watch. 
You  must  not  assume,  however,  that  a  knowledge 
of,these  rules  is  of  itself  sufficient.  You  must 
follow  the  general  rules  and  doctrines  previously 
mentioned,  and  you  must  also  be  prepared  to 
act  calm  and.  show  good  sense  when  unusual 
situations  or  circumstances  arise. 

Allow  no  unauthorized  personnel  to  loiter; 
about  the  station. 

Allow  no  unauthorized  personnel  to  go  be- 
hind any  main  switchboard. 

Make  frequent  inspections  of  all  running 
generators.      '  \  '  •  \ 

NEVER  replace  a  blown  fuse  with  a  fuse 
of  higher  rating. 

Never  use,  or  allow,  to  be  used,  emery 
cloth,  steel  wool,  or  other  metallic  abrasive 
near  any  electrical  equipment. 

Keep  frequent  watch  on  switchboard  instru- 
ments for  any  indication  of  an  abnormal  condition. 

J  Keep-  frequency—  and-voltage-at  correct., 

values.  A  variation  of  either  will  affect;  to 
some  extent  at  least,  the  operation  of  electrical 
equipment  on  the  base,  such  as  teletypewriters 
or  electric  clocks.  To  maintain  electric -clock 
accuracy,  an*  electric  clock  at  the  powerhouse 
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should  be  matchedwith  an  accurate  nonelectric 
clock,  so  that  the  operator  can. keep  the  clocks 
in  time'  with  each  other. 

Exercise  caution  before  reclosing  circuit 
breakers  which  have  tripped.  If  the  breaker 
trips'  again  immediately  after  reclosure,  the 
cause  should  normally  be  investigated  before  a 
second « closure  is  tried.  However,  a  second 
closured  may  be  warranted  if  immediate  resto- 
ration ,af  power  is  essential  and  there  is  no 
obvious  indication  of  trouble  anywhere.  In  this 
connection  you  should  remember*  that  repeated 
closing  and  tripping  may  damage  the  circuit 
breaker  and  thus  increase  , repair  and  replace- 
ment work. 

Never  start  a  plant  without,  ensuring  that 
all  switches- and  breakers  are  open  and  all  ex- 
ternal resistance  is  in  the  .exciter  field  circuit. 

Don't  operate  generators  on  continuous 
overload.  It,  is  better  to  be- without  power  for* 
15  minutes  while  you  find  the  cause  of  the  over- 
load and  correct  it,  than  to  burn  up  a  generator 
and  have  no  p<Wer  until  it  is  repaired  or  re- 
placed. "  Record  th&  amount  and  time  length  of 
an  overload  in  the  log,  alpng  with  any  unusual 
conditions  (such  as  excessive  temperatures) 
observed.  \ 
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During  your  generator  watch  you  may  be  re- 
quired to  perform  a  variety  of  jobs.  You  may 
have  to  start  a  generator  or  shut  it  down.  Per- 
haps you  will  only  have  to  perform  operational 
maintenance.  Let's  see  what  some  of  these  jobs 
„  wjll  be.  \  \ 

.Before  starting,  you  will  verify  that1  the  fuel 
tanks  are  filled  with  the  appropriate  fuel  (gaso- 
line or  diesel).  You  wjll  also  check  the  crank- 
case  oil  adding  any  if  required.  Be  sure  not  to 
overfill  or  spill  any  of  the  oil.  Verify  the  liquid 
level  in  the  storage  batteries  and  add  distilled 
water,  if  necessary.  One  more  check  will  limit 
possible  damage.  Is  the  radiator  filled  with 
water?  Has  an  appropriate  amount  of  anti- 
freeze been  added?  If  these  conditions  are 
satisfactory,  set  the  mainswitchand  field  switch 
to  OFF  positions. 

Dugi:?5  operation  keep  checks  on  the  oil,  fuel,  \ 
and  wafer  levels  and  tempex^ture  aiid  oil  pres-  \ 
sure  gages.  Observe  carefully  th<i  frequency 
meter  for  proper  frequency  output  and  the  volt- 
ages available  acrdss  each  leg  of  the  line.  Ask 
yourself,  "Is  thexhkrging  ammeter  for  the  bat- 
tery 'ndicating  properly?  Is  the  amperage  cor- 
rect in  each  leg  of  the  line?""  W^tch  for  any 
leaks  that  may  develop. 

After  shutdown  you  will  be  required  to  clean 
the  machinery,  fill  tte  gasoline  and  diesel  fuel 
tahks,  and  check  the  radiator  and  oil  levels. 
\  equipment  vibrates  excessively,  shut  it 
down,  find  the  cause,  and  correct  it.  Record  the 
circumstances  in  the  log. 

Keep  log  sheets  up  to  date  (station  logs  are  \ 
described  in  the  next  section).  i 

Observe  all*  safety  rules  posted  at  the  sta- 
tion, and  any  others  which  are  not  posted  but 
do  apply.  * 
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means  for  Alerting  a  trained  toon  to  the  first 
signs  of  threatening  trouble. 

The  fofp  used  for  log  entries  varies  with 
the  views  of  the  supervisory  personnel  in  dif- 
ferent plants,  and  there  is  no  standard  form  to 
be  followed  by  all  stations.  A  CE  must  famil- 
iarize himself  with  the  form  used  at  his  par- 
ticular plant.  Regardless  of  form,  any  log  must 
describe  the  hourly  performance,  not  only  of 
the  generators,  but  also  of  the  numerous  indi- 
cating and  controlling  devices. 

Figure  8-7  shows  one  type  of  log  that  may 
be  kept  on  the  generator  units  of  a  power  plant. 
This  is  only  a  suggested  form,  of  pourse,  and 
there  may  be  at  your  station  numerous  other 
items  about  which  it  is  desired -that  a  record 
be  kept  in  the  log. 

STARTING  AN  A.  C.  GENERATOR 


OPERATIONAL.  LOGS 

A  station  log  is  a  written  record  which  serves 
a  n^mber^of  purposes.  For  one  thing,  it  indi- 
cates when  various  equipment  units  \  require 
periodical^  maintenance  work  or  replacement. 
A  series  of  entries  can  often  pinpoint  signs  of 
breakdown  when  the  breakdown  occurs  so  grad- 
ually that  it  never  becomes  tan  obvious  problem 
at  iny  particular  instant.  -  \  \ 

With  a  great  many  items*  of  complex  equip- 
ment working  together  to  produce  *heat,  light,  ' 
and  power  for  an  entire  base,  it  is  vital  that 
each  item  of  this  equipment  be  kept  operating 
satisfactorily.  A  well-kept  log  is  an  important 


The  following  description  of  the  steps  in 
starting  an  k.  c.  generator  is  a  general  descrip- 
tion only.  Fbr  a  particular  generator  you  follow 
step-by -step  the  instructions  for  starting  given 
in  the  manufacturer's  manual. 

U  is  assumed  that  the  generator  is  driven  by 
a  diesel  engine,  and  that' engine  is  one  which  is 
started  by  air  pressure  (many  diesels  kre  started 
by  an  electric  starting  motijr  and  .batteries  or 
by  a  gasoline  engine  whictt  is  cut  off  after  the 
diesel  engine  starts  running  on  its  own  fuel). 

Figure  8-8  shows  the  controls  and  gages  or. 
a  typical  large  generator -drive  diesel  engine 
The  STARTING  AIR  lever  controls  avalvewiiich 
admits  starting  compressed  air  to  the  engine 
cylinders., The  ENGINE  OPERATING  lever  Con- 
trols engine  speed  while  starting,  stopping,  or  ■ 
in  an  emergency.  The  SPEED  CONTROL-  knob 
controls  engine  speed*  during  normal  operation.1 
Figure  8-9  shows  details  of  the  engine  operat-  \ 
ing  lever.  .  "V 

The  speed  control  lever  controls  engine  speed 
during  normal  operation  through  a  governor. 
In  starting^  the  governor  is  made  inoperative 
so  that  the  operator  qan  control  engine  speed 
during. starting  by  manipulating  the  engine  op- 
erating lever.  To  render  the  governor  inop- 
erative, you  set  the  "pawl-actuktinglevern  shown 
in  figure  8-9  in  the  position  where  it  points  away 
from  tiie  engine.  After  the  diesel  engine*  starts,, 
you  turn  the  pawl -actuating  lever  toward  *the* 
engine. 

When  starting,  you  set  the  engine -operating 
lever  in  the  "INJ  FULL"  position  shown  in  fig- 
ure 8-9  (the  pawl -actuating  lever^  as  .previously 
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Figure  8-7,  —Representative  generating  station  operator  log. 


stated,  is  set  away  from  the  engine  at  ttiis  time). 
After  the  diesel  engine  starts,  yoii  turn  the 
fiawl -actuating  lever  toward  the  engine  and  set 
toe  engine-operating  lever  in  the  "GOV  RUN" 
position  shown  in  figure  8-9.  Engine  speed  is 
now  controlled  by  the  governor. 

The  "latch  lever"  shown  in  figure  8-9  re- 
leases (by  squeezing)  the  engine -operating;  lever 
for  movement  to  a  different  position,!  and  locks 
the  same  in  the  new  position  whin  the  latch  lever 
.is  released.  \ 

The  "vernier  knob"\shown  in  figure  8-9  is 
tised  to  control  speed  adjustment  when  you  are 
operating  the  engine  tinder  manual  speed  con- 
trol, ^as  in  an  (emergency.         ,1  \ 

Before  you  start  the  diesel  engine,  ascer- 
tain, that  the  circuit  breaker  and  the  field 
switch  on  the  generator  switchboard  are  in 
the  OFF  position.  After  you  have  verified  that 
no  load  exists  on  the  generator,  you  set  the 
pawl-actuating  lever  for  manual  control  (away 
from  the  engine),  and  latch  the  engine -operating 
lever  in  the  "INJ  FULL';  position  shown  in  fig- 
ure 8-9.  »  K 


£ull  down  on  the  starting  air  leyer  (fig.  8-8). 
This  will  admit  3ir  to  the  cylinders,  which  will 
in  turn  set- the  pistons  in.  motion-  Theengin* 
should  fire  within  10  seconds;  when  it  does,  re- 
lease the  starting  air  lever. 

Immediately  after  the  engine  fires,  check  the 
"lubricating  o}l  pressure  gage"  stpwn  in  figure 
8-8.  If  it  does  hot  indicate  oil  pressure  within 
10  seconds  after  the  engine  fires;  stop  tl^e  engine 
at  once  by  moving  the  engine-operating  \lever  to 
the  "INJ .STOP*  position  (fig)  8-9).. 

If  lubricating  oil  pressure  is  satisfactory, 
turn  the  pawl-actuating  lever  toward  the  engine 
and  move  the  engine -operating  lever  to  the 
"GOV  RUN"  position.  Engine  speed  is  now  being 
controlled  by  the  governor.  , 

You  will  have  previously  .ascertained  the 
engine  speed  required  to  maintain  the  required 
voltage  output.  Assume  that  to  produce  a  60- 
hertz  voltage,  the  engine  must  make  600  rpm. 
Check  the,  rpm  indicator  and  if  it  does  not  read 
600  rpm,  turn  the  "speed  control  knob"  in  the 
appropriate  direction  until  the  engine  speed 
indicator  reads  600  rpm.  . 
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Figure  8-8, -Diesel  engine,  showing  controls  and  gages 
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Recheck  the  lubricating  oil  gage  for  proper 
oil  pressure,  the  "fuel  oil  pressure^  gage  for 
proper  fuel  oil  pressure,  and  the  "cooling  water 
temperature"  gage  for  proper  water  tempera- 
ture (fig.  8-5). 
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SWITCHBOARD  CONTROLS 

This  generator  is  now  running,  but  it  is  not 
yet  "on  the  line'Vthat  is.  not  yet  sending  power 
out  into  the  distribution  line.  Before  discussing 
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\  Figure  8-9. -View  of  dlesel  engine 
\  operating  lever \  showing  details; 


the  method  of  putting  tfce  generator  on  the  line, 
some  mention*  of  the  switchboard  Instruments 
and  controls  Is  necessiry. 

The  switchboard  Instruments  should  Include 
an  Indicating  wattmeter  to  avoid  the  necessity 
for  making  numerous  ^ammeter  and  voltmeter 
,  readings  to  compute  dower  output.  If  records 
.  must  be  kept  on  generator  e(flciency,  a  watt- 
^hpur  meterrls  also  needed. 
VT*  Remember  that  the  (voltmeter  measures  the 
'  voltage  of  the  bys,  nit  that  of  any  one  generatpr 
contributing  to  the  \is  voltage.  Ammeters, 
,  however,  should  be  connected  In  series  with  at 
least  one  lead  of  the  output  of  each  generator. 
If  only  at  single  ammeter  Is  available  for  meas- 
uring three-phase  current,  It  must  be  switched, 
to  the  different  phases 

A  group  of  lamps  connected  across  the  bus, 
and  with  a  center  point  grounded,  provides  a 
practical  means  for  detecting  any  accidental 


ground. 


i 


Before  you  set  ibout  putting  the  generator  on 
the  line,  make  sure  that  you  know  the  locations 
of  the  varloui  switchboard  controls,  and  that  you 
are  able  to  operate  them  smoothly  and  In  proper 
sequence; check  to  see  that  the  voltage  regulator 
switch  Is'lnOFF  (or  MANUAL  CONTROL)  po- 
sition, and  that  the  voltmeter  selector  switch  is 
set  to  perniit  the  a.  c.  voltmeter  to  Indicate  the 
desired  measurement. 

Turn  the  handle  of  the  exciter  field  rheostat 
counterclockwise  as  far  as  it  will  go,  so  as  to 
put  maximum  resistance  Into  the  shunt  field  of 
the  exciter. 

Throw  the  field  switch  to  the  ON  position, 
thus  making  exciter  voltage  available  to  the 
generator  field.  At  the  same  time  watKh  the 
a.  c.  voltmeter  and  ens\*re.that  It  records  a  low 
reading*  \ 

Turn  the  exciter  field  rheostat  knob  dow;n 
clock-wise,  thus  decreasing  exciter  field  re- 
sistance, and  Increasing  exciter  field  voltage 
and  excitation  current  In  the  generators  field 
winding,  this  will  cause  output  voltage  to  rise. 
Watch  the  a.  c.  voltage  meter,  and  turn  the  rheo- 
stat knob  until.the  rated,  voltage  is  reached. 

Check  the  frequency  reading  on  the  frequency 
meter. .  Increase  or  decrease  the  engine  speed  *• 
until  you  read  normal  frequency  (In  this  case, 
80  hertz).  .  _„ 
Turn  the  voltage  regulator  switch  to  the  ON 
or  AUTOMATIC  position,  thus  placing  the  volt- 
age regulator  In  control.  Then  check  the  volt- 
meter toWnsure  that  It  stlU  reads  rated  voltage  • 
value.  If  the  value  has  changed,  adjust  the  volt- 
age-regulator rheostat  until  the  voltmeter  again 
reads  rated  value.  \  . 

Release  the  interlock  on  the  circuit  breaker,  * 
thus  closing  the  generator  circuit  and  energizing  I 
the  bus.  With  the  -generator ,  now  connected  to  » 
the  external  circuit,  the  a.  c.  ammeter  will  Indi- 
cate the  qurrent  drawn  by  the  load. 

Checfc  the  current  In  eachphase  by  switching 
the  ammeter.  Recheck  the  vdltage  across  each 
phase. 

SYNCHRONIZING  ALTERNATORS 

.  The  load  power  demand  may  often  reach  a 
pbint  where  it  cannot  be  satisfied  by  a  single 
generator,  in  which  case  it  becomes  Accessary 
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to  "cut  in"  another  generate^ -that  is,  add 
another  generator  to  the  bus.  This  CANNOT 
beldone  simply  by  starting  up  the  engine  of  a 
reserve  generator  and  placing  this  one  on  the 
line  by  throwing  the  &ain  switch. 

Four  very  important  factors  must  be  taken 
into  account  The  incoming  generator  voltage 
must  equal' the  ftus  voltage.  It  must  have  the 
•ame  frequency  and  must  be  in  pKase  wltE  the 
bus  voltage*  FinaUyTair  pluses  must  be  con- 
P^cted  in  proper  sequence. 

TEe  procedure  called  "synchronizing  alter- 
nators^ simply  means  bringing  the  incoming 
generator  into  correspondence  with  the  bus  in 
all  four  of  these  respects.  f 

To  adjust  electrical  speed-that  is,  fre- 
:  quencv-youadjust  the  speed  in  rpmof  theprimcj 
move^-in  this  case,  the  diesel  engine^Tobrin^ 
the  incoming  generator  into  phase  with  the  volt- 
age, on  the  bus,  you  will  probably  use  a  system 
of  synchronizing  lamps.  Watch  the  voltmeters 
on  the  two  units  until  they  reaci  the  same. 

The  purpose W  synchronizing  frequency  and 
speed  is  to  ensure  that  the  difference  in  poten- 
tial ^etween  CORRESPONDING  terminals  of  the 
two  generators  is  zero.  Synchronization  is 
completed  by  using  lamp  methods  or  a  syn* 
chroscope. 


Lamp  Synchronizing  Methods 

The  most  satisfactory  arrangement  for  syn- 
chronizing lamps  to  be  connected  is  the  two- 
bright  one  dark  method  discussed  in  Basic  Elec- 
tricity, NavPers  10086-B,  Two  oV  er  methods 
are  used,  one  is  called*  the  "all-di  t"  method, 
the  other,  the  "bright-lamp"  metho 

In  the  all-dark  method  of  sj  chronizing, 
lamps  are  connected  across  an  open  three -pole 
sv/itch  between  the  bus  and  the  incoming  gen- 
erator as  shown  in  figure  8-10.  If  the  lamps 
\  increase  and  \decrease  in  brilliance  together, 
\  the  phase  sequences  of  thejfeo^enerators  are 
the  same.  If  the  lamps  rotate  in  brilliance,  \he 
phase  sequences  are  net  identical.  Interchang- 
ing any  two  of  the  three  leads  from  the  incoming 
generator  will  obtain  the  correct  phase  sequence. 
Be  sure  the  lamps  have  a\£oltage  rating  twice 
the  generator  terminal  voltage.  If  lamps  of  this 
voltage  rating  are  unavailable,  several  lamps,  in 
series,  voltage  dropping  resistors,  or  step- 
down  transformers  must  be  used.  When  the 
lamps  ate  dark  the  voltages  are  in  phase  and 
the  paralleling  switch  may  be  closed. 


GENERATOR  NO.  ! 


GENERATOR  NO.  2 


Figure  8-10. -The  ail-dark 
synchronizing  method. 
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The  "brighMamp?'  method  is  more  sensitive 
an<}  is  used  for  large,  high-speed  generators. 
The  arrangement  of  lamps  is  shown  in  figure' 
8-11.  When  lamps  A  and  C  burn  with  the  same 
brilliancy  the  unit  is  in  phase.  /  As  one  of  the' 
two  increases  in  brilliancy  and  the  other  de- 
creases, the  instant  of  synchronism  is  the  in- 
stant when  they  match  in  brilliancy.  The  se- 
quence of  brightness  of  the/ lamps  indicates 
whether  the  incoming  alternator  is  fast  or  slow. 
It  is  standard  practice  to  elbse  the  generator 
switch  when  the  incoming  alternator's  frequency 
is  slightly  ahead  of  that  of  the  already  operating 
alternator.  / . 


TO  GENERATOR 
NO.  1 


GENERATOR  NO.  2 


73.61 

^Figure  8^11. -The  bright  lamp 
synchronizing  method} 

•  *  .  j 

Synchronizing  With  Synchroscope 

\      '  " 

The  sequence  of  operation-1,  in  paralleling 
two  alternators  by  synchroscope  follows. 

Compare  the  bus  voltmeter  reading  (voltage 
e/i-oduced  by  alternator  already  operating)  with 
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that  on  .the  incoming  alternator  voltmeter.  If 
they  are  not  the  .same,  adjust  the  voltage  regu- 
lator rheostat  of  the  incoming  generator  until 
the  voltage  of  that  one  is  equal  to  the  bus  .volt- 
age. This  is  an  important  step,  because  unequal 
voltages  will- cause  circulating  currents  to  flow 
between  the  parallel  generators. 

Compare  the  frequency  of  the  incoming  gen- 
erator with  that  of  the  bus,  and  adjust  to  cor- 
respond by  .means  of  the' incoming  generator's 
governor  motor-control  switch. 

•  Turn  the  synchronizing  switch  to  the  ON 
position.  The  synchroscope  Will  rotate  in  one 
direction  or  the  ether.  If  the  switchboard  is 
also  equipped  with  synchronizing  lamps,  they 
will  increase  and  decrease  in  brilliancy. 

Use  the  governbr  motor  control  switch  to 
adjust  the  speed  of  the  incoming  generator  until 
it  is  operating  at  approximately  the  same  fre- 
quency as  the  bus  voltage.  This  will  be  indicated 
by  the  synchroscope  rotating  slowly  in  the  FAST 

•  (Erection,  and  the  .synchronizing  lamps  slowly 
increasing  and-decreasing  in  brilliancy. 

"Ascertain  that  the  voltages  of  bus  and  incom- 
ing generator  are*  the  same.  Then,  JUST  BE- 
FORE the  synchroscope  pointer  passes  throiigh 
the  zero  position,  close  the  incoming  genera - 

.  tor's  breaker  and  thus  "cut  in"  the  generator. 
If  lamps  only  are  being  used,  close  the  breaker 
JUST  BEFORE  the  midpoint  of  the  dark  period 
of  the  lamps  is  reached.  < 
After  ti^e  incoming  generator  has  been  thus 

_!!cut  in"_to_the  bus,  there  are  t»o  additional  ad  - 
justments.that  must  be  made.  One  of  these  eff=~ 
sures  that  each  generator  is  carrying  its  Share  - 
of  the  kilowatt  load.  The  other  ensures  that  ^ 
each  generator, isroperating  with  the  same  power  * 
factor  (power  factor  is  explained  in  Basic  -Elec  - 
tricity,  NavPers  ,10086-33).  4  ■ 

.  The  division  of  kilowatt  load  between  a.  c. 
generators  operating  in  parallel  depends  .on  the 
relative  setting  of x  their  engine  governors.^ 
Equalizing  power  factor  means  ensuring  that 
each  generator  is  producing  its  share  of  wattless 
current  or  "reactive  kv-a."*  The  amount  of  re- 
active kv-a  two  generators  supply  depends  on 
..the  Relative  setting  of  their  voltage  regulators. 
Therefore,  to  adjust  the  generators  for  parallel 
operation  you  take  the  following  steps. 

Turn  the  governor  motor  .  control  switches 
until'  the  wattmeters  of  the  generators  read  the 
same  (if  the  generators  have  the  same  rating), 
or  until  the  load  is  proportionally  divided- (if  the 
generators  have  different  ratings).  The  load  is 
increased  on  a  too  lightly  loaded  generator  by 


increasing  engine  speed,  on  a  too  heavily  loaded 
generator  by  decreasing  engine  speeds.  These 
adjustments  must  be  made  simultaneously,  to 
maintain  constant  frequency. 

To  balance  reactive  load,  turn  the  voltage 
"regulator  rheostat  of  each  generator  until  the 
power  factor"  meter  reading  is  the  same  for 
each, indicating  that  the  burden  of  reactive  kv-a 
is  being  properly  shared.  If  the  switchboard 
is  not  equipped  with  power  factor  meters,  the 
a.  c.  ammeter  of  each  generator  can  be  used. 
Proper  adjustment  exists  when  the  ammeters  ~ 
show  equal  currents  for  generators  of  the  same 
rating,  or  proportionally  equal  ^currents  for 
those  of  different  ratings. 

The  direction  in  which  you  turn  the  voltage 
regulator  rheostat  of  each  generator  depends 
on  the  reading  of  the  generator's  power  factor 
meter  or  ammeter  before  the  adjustment  is 
made.  The  voltage  should  be  decreased  on  the 
generator,  carrying  too  much  power  factor,  in- 
creased on  the  one  carrying  too  little. 

After  throwing  the 'main  switch,  observe  the 
a.  c.  ammeters  of  equal  generating  units  to  en- 
sure that  they  read  the  same.  Unequal  readings 
mean  that  one  generator  is  doing  more  work 
than  the  other.  You  can  even  out  the  load  by 
increasing  the  speed  of  the  generator  having  the 
lower  ammeter  reading.  Adjustthe  speed  control 
knob  until  both  a.  c.  ammeters  read  the  same. 

SEQURING  „  GENERATORS 


When-a-SINGLE  generator,-connec.te_d  along 
to  a  bus,^  is  to  be  taken  out  of  operation,,  it  is 
secured  in  the  following  manner. 

Remove  as  many  individual  loads  as  possible 
to  reduce  arcing  and  damage  to  the  line  switch 
or  circuit  breakers  when  the  circuit  is  opened. 
Open  the  feeder  breakers  to  further  reduce  the 
generator  load  as  much  as  practicable.  - 
,    Trip  the  generator  circuit  breaker. 

Turn  the  voltage  regulator  switch  to  the  OFF  * 
or  MANUAL  position. 

Turn  the  handle  of  the  exciter  field  rheostat 
counterclockwise,  as  far  as  it  will  go,  thus 
cutting  in  all  resistance  to  the  exciter  field  and 
decreasing  the  voltage  to  the  exciter  field. 

CAUTION:*  The  field  circuit  of  a  generator 
which  is  to  be  disconnected  from  the  bus  bars 
must  not  be  opened  before  the  main  switch  has 
been  opened.  If  the  field  circuit  is  opened  first, 
a  heavy  current  will  flow  between  the  armatures. 

Open  the  field  switch  slowly.  Slow  movement 
of  the'  switch  reduces  the  danger  of  a  high 


192 

1^37 


inapter  dfta^iKAL  ±*uwi!,«  diaiiuin  ofaxtAiiuiN 


induced  voltage  in  the  field  circuit,  This,  if  the 
field  discharge  resistors  were  inoperative,  could 
break  down  the  insulation. 

Move  the  governor  control  lever  to  the  low 
idle  engine  speed  and  run  the  engine  about  5 
minutes  until  it  cools  down. 

Stop  the,  prime  mover,  as  by  moving  the*  en- 
gine operating  lever  shown  in  figure  8-9  to 
••GOV  STOP*  position.  * 

It  toay  be  necessary  to  secure  a  generator 
which  is  operating  in  parallel  with  another.  The 
typical  situation  is  one  where  a  peak  load  (as 
when  darkness  falls  and  many  lights  come  on) 
occurs  and  then  passes.  When  the  load  comes 
on,  another  generator  is  cut  in;  when  it  passes, 
the  generator  is  secured. 

Before  you  remove  the  generator  power  from  4 
the  bus,  it  is  very  important  tha't  you  shift  the 
kilowatt  load  being  carried  by  the  generator 
which  will  be  cut  out  to  the  generator  or  gen- 
erators'which  -will  remain  on  the  line.  This 
*shiftof  kilowatt  load  is  accomplished  by  turning 
the  governor  motor  control  switch  of  the  gen- 
erator to  be  secured  to  LOWER,  and  the  same 
switches  on  the  remaining  generators  to  RAISE! 
The  wattmeters  on  the  switchboard- will  indicate 
how :  the  shift  is  progressing  and  when  it  fc> 
completed. 

When  the  load  has  been  shifted,  trip  the  cir- 
cuit breaker  on  the  generator  which  is  to  be 
taken  but,  and  then  secure  that  one  as  you  wculd 
a  single  generator. 

'  A  generator  which  has  been  operating  under 
a  heavy  load  should  not  be  shut  down  until  it  has 
been  run  on  a  light  load  for  a  few  minutes  to 
reduce  temperatures. 

ENGINES 


Engine  generators  are  necessary  in  military 
operations,  as  we  have  seem  There  are  thou- 
sands of  them  in  existence,  with  a  variety  of 
shapes,  sizes,  capacities,  reliability,  and  econ- 
omy. We  will  discuss  only  a  few  of  these  so 
that  you  will  be  able  to  perform  your  duties  in- 
telligently and  safely. . 

GASOLINE  ENGINE  SETS 

Gasoline  engines  are  useful  as'prime  movers 
for  generators.  They  are  also  suitable  to  supply 
Ijower  and  light  on  an  intermittent  or  emergency 
basis.  Their  initial.costis  much  less  than  that  of 
diesel  engines,  but  maintenance  costs  are  higher 
and  their  useful  life  is  short.  Nevertheless, 


they  are  usfcd  frequently  by  Seabees  for  emer- 
gency purposes  or  where  the  power  drain  is 
small. 

The  one  cylinder  engine  driven  generator  in 
figure  8-12  is  about  the  simplest  you'll  find -in 
an  advanced,  base.  It  will  handle  -loads  up  to 
1.5  kilowatts.  A  starting  rope  wrapped  around 
the  flywheel  is  used  to  start  the  engine  in  the 
same  manner  as  that  for  'small  outboard  or 
power  lawn  motors. 

Some  gasoline -driven  generators  used  by  the 
Seabee's  supply  as  much  as  10  kilowatts  of  a.  c. 
power.  These  may  be  used  as  '  emergency 
standbys  for  a  small  central  power  station. 
They  are  skid-mounted,  and  if  equipped  with 
weather-proof  metal  housing,  are  designed  pri- 
marily as  portable  sets  for  outdoor  operation. 

Operation  - 

In  the  gasoline  engine,  the  gasoline  and  air 
are  mixed  together  before  being  admitted  to  the 
cylinder  in  which  compression  takes  place.  The 
intake  stroke  of  the  piston  sucks  air  through  the 
air  cleaner  into  the  carburetor* 

In  the  carburetor,  the  clean  air  is  mixedwith 
the  vaporized  gasoline  from  the  fuel  tank.  The 
new  mixture  continues  on  through  to  the  intake 
manifold  which  is  connected  to  the  cylinder  head. 
An  intake  valve  admits  the  air-gasoline  mixture 
into  the  cylinder. 

In  the  gasoline  engine,  a  spark  is  introduced 
into  the  cylinder  igniting  the  air-gasoline  mix- 
ture justas  the  piston  completes  its  compression 
stroke.  The  ignited  gases  expand  and  the  piston 
is  pushed  dowij  into  the  power  stroke.  The  ex- 
haust stroke  of  the  piston  then  expels  the  burned 
gases  out  of  the  cylinder  chamber.  Sparks  are 
created  at  appropriate  times  using  a  small  igni- 
tion  system  as  shown  in, figure  8-13. 

The  ignition  coil  delivers  a  pulse  of  high  volt- 
age through  the  distributor  to  the  proper  spark 
plug  when  the  coil  is  interrupted  by  a  set  of 
breaker  points.  The  distributor,  which  is  turned 
by  the  engine  camshaft,  connects  the  high  volt- 
age to  the  sparkplug  of  each  cylinder  at  the  time 
it  is  due  to  be  fired.  It  also  opens  and  closes  the 
breaker  points  that  determine  the  exact  instant 
each  plug  fires. 

Servicing 

You  must  always  check  the  appropriate  in- 
struction manual  for  specific  operating  and  serv- 
icing procedures..  The  following  information, 
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Figure  8-12.—  Gasoline  engine  generator. 


however,  is  general  and  applicable  to  all  of  the 
possible  generators  you  will  encounter. 

Make  sure  that  the  fuel  you  are  going  to  use 
is  not  contaminated  with  dirt  or  water,  and  that 
.  all  equipment  (cans,  funnels,  and/or  nozzles) 
for  transferring  the  fuel  to  the  engine  fuel  tank 
,  is  clean.  Dirty  fuel  clogs  tie  carburetor  arid 
fuel  lines.  . 

Water  in  the  fuel  often  keeps  an  engine  from 
starting  and  damages  the  injection  pumps  and 
nozzles  of  diesels.  In  cold  weather,  espe- 
cially, fuel  tanks  should  be  kept  full  to  minimize 
condensation  of  moisture  in  them. 

BE  SURE  THE  FUNNEL  IS  IN  DIRECT  CON- 
TACT'WITH  THE  TANK  when  fuel  is  being 
transferred,  to  eliminate  the  possibility  of  an 
explosion.  , 

Damage  due  to"  dirt  can.  be  eliminated  or 
minimized  by  changing  the  air  cleaner  at  ap- 
propriate intervals.  If  the  oil  feels  gritty  when 
checking  its  level,  change  it  and  the  filter  too. 
If  your"  generator  requires  water  for  its 
N  cooling  system,  be  sure  to  keep  it  filled. 


Remember ,  that  in  freezing  temperatures,  anti- 
freeze must  be  added. 

Battery  care  is  a  necessity.  Check  the 
electrolyte  level  periodically  and  add- water  if 
required.  Distilled  water  is  preferable  to  plain 
water,  if  available.  To  minimize  battery  dif- 
ficulties, coat  the  battery  terminals  with  a  light 
coating  of  corrosion-preventive  grease  after 
connections  have  been  tightened. 


BRUSHLESS  GENERATORS 

Figure  8-14  shows  an  elementary  circuit 
diagram  for  a  brushless  generator  system. 
Elimination  of  brushes,  slip  rings,  and  commu- 
tators is  accomplished  by  placing  a  rectifier 
assembly,  generator  field  and  exciter  armature 
on  the  rotor.- 

In  the  brush  type  of  a.  c,  generator  (fig.  8-15), 
the  field  current  is  transferred  from  the  rotat- 
ing part  of  the  machine  tp  the  generator  field  by 
the  use  of  commutator,  brushes  and  collector 
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rings.  M'***h  time  is  spent  on  the  maintenance 
of  these  wJiponents. 

Brushless  type  rotating  exciters  (fig..  8-16) 
eliminate  the  necessity  for  commutator,  collec- 
'tor  rings  and  brushes  by  applying  the  a.  c.  out- 
put of  the  exciter  armature  to  silicon  rectifiers 
connected  in  a  bridge.    The  d.  c.  rectified 


output  is  then  applied  directly  to  the  field.  Since 
all  these  components  are  mounted  on  the  rotor, 
no  need  exists  for  brushes,  commutator  or  slip 
rings,  making  the  entire  unit  compact,  simple, 
and  free  of  sparking.  Maintenance  is  thus  re- 
duced. As  time  goes  on,  you  will  see  more  and 
more  of  these  generators,  in  the  field. 
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Figure  8-14. -Basic  bnishless  generator. 
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Figure  8-15. -Brush  type  rotating  exciter. 
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Figure  8-16.— Brushless  type  rotating  exciter. 
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CHAPTER-9 

OVERHEAD  POWER  DISTRIBUTION 


Power  from  the  generating  plant  at  an  ad- 
vanced base-  may  be  carried  to  the  various 
points  of  consumption  by  overhead  transmission 
and  distribution  lines,  by  underground  cable,  or 
by  a  combination  of  both/  At  most  advanced 
bases,  the  high  voltage  developed  at  the  central 
power  station  is  usually  aand  preferably  dis7 
tributed  by  overhead  feeder  lines.  Such  lines 
are  cheaper  to  build,  simpler  to  inspect,  and 
easier  to  maintain  than  underground  cables. 
Obviously,  use  of  underground  cables  is  pre- 
ferred at  airports  to  prevent  hazardous  flight 
conditions. 

Voltages  developed  normally  range  from 
110/220  volts  to  13,200/13,800  volts  in  more 
populou^areas  such  as  Okinawa,  Adak,  Vietnam  : 
and  Puerto  Rico.   The  initial  generation  and 
distribution  system  at  an  advanced  base  is 
provided  by  a  110/220  volt,  3-phase,  4-wire  . 
grounded  neutral.    Replacement  may  then  be 
provided  by  a  2400/4160  volt,  3-phase,  4-wire 
,  grounded  neutral  supplied  by  banks  of  two  or 
more  generators.    Finally,  °  as  requirements 
increase,  power  sources  capable  of  providing* 
the  larger  voltages  are  installed. 

Whether  underground  or  overhead,  the  dis-> 
tribution  system  in  an  advanced  base  is  of  the 
radial  type*  A  representative  transmission  and 
distribution  system  is  shown  in  figure  9-1. 


GENERATING 
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\/  1     /       ^SECONDARY  LINES 

HIGH-VOLTAGE    1   /  /  '~Q- 


HIGH -VOLTAGE 
TRANSMISSION 
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FEEDERS 


SERVICES 


1  PRIMARY  LINES 


,  DISTRIBUTION 
TRANSFORMERS 
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Figure  9-1.— Transmission  and 
.   distribution  system. 


In  this  chapter,  we  will  discuss  various  as- 
pect^ of  overhead  distribution  so  that  you  will 
be  able  to  perform  various,  assignments  of 
installing,  maintaining,  and  repairing  of  over- 
head distribution  facilities  more  effectively. 

Upon  completion  of  this  chapter,  you  should 
be  able  to  describe  how  to 

•  erect  and  climb  poles 

•  "  install  guys,  strain  insulators,  and  guy 
*  anchors  <, 

•  mount  crossarms  and  racks 

•  string  and  tie  conductors 

•  install-transformers  safely 

•  install  additional  components  and  protec- 
tive devices  associated  with  high  voltage 
equipment 

•  install  and  troubleshoot  various  compo- 
nents of  street  lighting  facilities 

•  perform  pole-top  resuscitation 

e  use  safety  procedures  associated  with 
overhead  line  installation 


"INSTALLING  OVERHEAD  LINES 

The  major  stages  in  constructing  "an  over- 
head transmission  distribution  system  include 
the  preparation  erection  and  guying  of  poles, 
crossarm  mounting,  stringing  the  conductors 
and  adjusting  theirt  for  proper  sag. 

*  In  planning  an  overhea.d  system,  arrange  the 
-route-with  the  possibility  of  future  .development 
in  mind— that  is,  maks  it  possible  to  add  addi- 
tional circuits  for  new  buildings  and  equipment. 
Consider  also  the  nearness  of  other  electrical 
circuits  jot  pole  lines  9  and  be  ^careful  not  to 
place  electric  light  and/or  power  lines  on  the 
same  cfossarrfis*  with  ^communication  lines. 
Remember  that  any  power  line  below  8700  volts 
crossing  or  running  above  a  communication  line 
must  have  a  minimum  clearance  of  2  ft.  About 
4  ft  is  the  .clearance  most  commonly  used.  For 
voltage  higher  than  8700  volts  the  minimum 
clearance  must  be  6  ft. 

All  power  lines  must  be  located  ABOVE  tel- 
ephone or  other  communication  lines. 
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PREPARING  THE  POLE 

At  an  advanced  base  you  may  have  to  use 
.standing  trees,  as. poles.  If  this  is  so,  select 
the  straightest  trees  you  can  find  and'  trim 
them*  .  * 

Trimming  consists  of  cutting  branches  off ' 
flush  with  the  trunk  and  stripping  off  all  the 
bark.  This  procedure,  necessary  to  mike  the 
pole  safe  for  a' lineman  to  climb,  will  often  re- 
veal defects  iff  the  pole*  Flush  knots  left  after 
branches  are  trimmed  should  be  painted  over,, 
to  prevent  water  penetration  of  the  pole* 

Most  of  the  poles  you  will  use  wilt  be  already 
trimmed  and  treated  with  creosote  (to  prevent 
rotting)  before  they  arrive  at  the  site.  Creosote 
is  a  toxic  compound  that  will  blister  the  skin, 
so  use  gloves  when  handling  or  climbing  such* 
poles.  AVOID  touching  your  eyes  with  suph 
gloves.  'Be  sure  to  have  your  sleeves  rolled 
down*  © 

The  next  step  is.  to  cut  the  "roof  (roof-like 
cut  at  the  upper  end,  made  by  sawing  a  single 
slant  cut  that  drains  toward  the  back'of  the  pole) 
and  the  "gains"  (a  gain  is  <a  notch  in  which  a 
crossarm  is  set);  This  cutting  should  be  done 
with  the  pole  in  a  rack  of  some  kind  which  will 
hold  one  end  of  the  pole  above  .the  ground.  U 
the  pole  is  curved,  it  should  be  set  in  the  rack 
so  that  the  curve  or  sag  is  toward  tte_ground.„ 
Theircut~the~roof  dfigonailly  and  the  gain  or 
gains  on  the  upper  surface,  so  that  the  relation 
of  roof  to  gains  is  as  shown. in'figure  .9-2.  Re- 
member that  the  gain  is  always  cut  on  the  face 
of  the  pole,  and  the  face  is  the  inside  of  any 
curve  the  pole  may  have.  Following  this  rule 
ensures  that'  the  pull-  of  wires  on  the  crossarm 
will  be  against  the  curve  of  the  pole.  Remem- 
ber, too,  that  the  slope  of  the  roof  should  be 
parallel  to  the  wire  lines,  not  across  them. 
The-reasun  for  Uds  is  to  ensurg~that~watei^ 
draining 'off  the  roof  will  run  down  the  back  of 
the  pole,  and  not  into  the  crossarm  gains. 

The  center  of  the  first  or  top  gain  should  be 
located  12  in.  from  the  top  of  the  *pole.  Since 
the  width  of  the  gain  is  the  height  of  the  cross- 
arm,  measuring  half  the  height  of  the  crossarm 
above  and  below  the  center  of  the  gain  will  give 
you  the  top  and  bottom  of  the  gain.  The  gain 
should  be  cut  about  1/2  in.  deep.  It  is  good 
practice  to  make  the  gain  slightly  concave,  so 
the  crossarm  will  bear  solidly  against  the  outer 
ends.  The  spacing  between  succeeding  gains 
depends  on  the  voltage  in  the  lines.  For  volt- 
ages up  to  8,700  .volts  the  minimum  spacing  is 


THROUGH 
BOLT 
HOLE 


,29.233  ' 
Figure  9-2.— The  parts  of  the  pole. 

24  in.  For  voltages  from  8700  volts  to  50,000 
volts  the  minimum  spacing  is  48  im 
.  The  next  step  is  to  bore  the  hole  for  the 
crossarm  through  bolt  shown  in  figure  9-2.  The 
standard  through  bolt  has  a  diameter,  of  5/8  in. 
"The  diameter  of  the  bolt  hole  should  be  11/16  in. 
To  center  the  hole,  draw  interseciing  diagonal  c 
lines  across  the  gain.  If  possible,  paint  all  this- 
cut  work  to  prevent  descay.  •  . 


DIGGING  POST  HOLES 

The  depth  for  a  pole  hole  depends  on  the 
length  of  thee  pole  and  the  composition  of  the 
soil.  A  hole  in  firm,  rocky  terrain  does  not 
need  to  be  as  deep  as  a  hole  in  soft  soil.  Table 
9-1  gives  recommended  post-hole  depths  for 
poles  from  20  to  65  ft  long  in  firm  soil  and  in 
rock. 
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Table  9-1.— Depth  for  setting  pole 

— ;'  in-soil-or-rocki  


.Length  . 
•  ofpole 
(ft) 

Setting  depth 
(ft>  1 

In  soil 

In  rock 

20 

5.0 

3.0 

IS 

.  5.5 

3.5 

30 

5.5 

*  4.0 

35 

»  6.0 

4.0 

'40 

6.0 

4.0 

45 

6.5 

4.  5 

50 

7.0 

4.5 

55 

7,5 

5.0 

60 

8.0 

5.0 
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A  pole  set  in  sandy  or  swampy  soil  must  be 
'  supported  by  guys  or  braces,-  or  by  "cribbing/1 
Cribbing  means  the  placement  of  some  firm 
material  around-  the  part  of  the  pole  that  is  be- 
low ground.  One  method  of  cribbing.is  to  sink 
an  open-bottom  barrel  in  the  hole,  stet  up  the 
pole  in  tho  barrel,  and  then  fill  the  space  around 
the  base  of  the  pole  with  concrete  or  small 
stones  after  the  pole  has  been  plumbed  (brought 
_JoJhe^ertical).  Another'Shethod  of  cribbing  is 

There  mSjsfce  a'  power-driven  hole-digger 
available,  but  in  the  absence  of  dfte-ofthese  the 
holes  -must  be  dug  by  handtools  (fig.  9^4);  You 
use  a  f>digging  bar"  to  loosen  the  soil.  -About 
-  the- first-2-ft  of- depth  can^be~re  moved~witira 
:  short-handle  shovel.  -Below  that  you  loosen  the 
earth  with  a  long-handle  shovel,  and  haul  it  up 
jrtth  a  long-handle  device  called  a  spoon. 

A  hole  should  have  a  diameter  about  6  in. 
larger  than  that  of  the  base  bf  the  pole,  to  allow 
room  for  tamping  in  backfill.  It  should  bev  a 
little  larger  at  the  bottom,  to  allow  for  plumb- 
ing the  pole. 

ERECTING  POLES  * 

If  a  line  truck  with  winch  and  A-frame  is 
available,  the  job  of  erecting  poles  is  simple. 
A  sling  is  placed  around  the  approximate  mid- 
point on  the  pole  and  the  winch  heaves  it  up. 
The  truck  then  proceeds  to  the  hole,  and  the 
base  of  the  pole  is  guided  in  as  the  winch  lowers 
away.  -Since  the  but!  or  base  is  heavier  than 
theiop  end,  the  pole  will  be  raised  to  an  almost 
vertical  position. 
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Figure  9-3.— Cribbing  a  pole  with  stone  and  log. 
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Figure  9-4.— Digging  tools. 
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In  the  absence  of  this  equipment,  however, 
the  Dole  must  be  "piked  up"— meaning  that  the 
pole  is  placed  with  base  adjacent  to  the  hole  and 
the  upper  end  supported  on  either  a  "mule"  or 
a  "jenny."  A  Vjenny"  is  a  wooden  support  made 
in  the  form  of  an  X,  while  a  "mule"  is  a  wooden 
support  made  in  the'form  of  a'Y.  The  upper 
end  is  then  "piked"  into  the  air  by  men  using 
pike  poles  (fig.  9-5). 
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butt  of  the  pole  from  sliding  past  the  hole,  and 
also  prevents  the  butt  from  caving  in  'the  side 
of  the  hofe.  After  the  pole  has  reached  upright 
position,  it  is  "faced11— meaning  that  it  is  ro- 
tated with  the  cant  hook  to  bring  the  crossarm 
gain  to  proper  position.  On  a  straight  line  it  is 
the  custom  to  set  adjacent  poles  withcrossarms 
facing  in  opposite  directions,  as  shown  in  fig- 
ure 9-7.  This  procedure  called  facing  "gain  to 
gain"  or  f,back  to  back"  provides  for  maximum  • 
strength  in  thf  line. 

On  a  curve  the  gains  must  be  set  so  that  the 
crossarm  is  on  the  side,  of  the  pole  nearest  the  k 
•center  of  the  curve,  as  shown  in  figure  9-8.* 

After  the  pole  has  been  faced,  it  must  be 
plumbed  vertical.  This  is  done  by  four  pikers 
on  four  sides  of  the  pole,  acting  on  signals  given 
by  one  man  who  sights  along  the  line  and  an- 
other who  sights  from  one  side.  TIn  some  cases' 
a  small  amount  of  rake  or  lean  (approximately 
12  inches)  is  left  to  allow  for  a  wire  strain  or 
the  normal  give  of  a  guy. 

After  the  pole  has  been  plumbed,  the  hole  is 
backfilled  and  the  backfill  tamped  down  hard. 
Backfilling  should  be  done  gradually,  in  shallow 
layers,  with  each  layer  thoroughly  tamped  down. 
Usually  two  or  three  men  tamp  while  a  single 
man  shovels.  When  the  hole  has  been  filled 
tFprotxtrde-  abovethesux^ce.^It-preventsthe  to-  the-  ground_line__with Jtampgd [^ackf  ill,_ttie 
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Figure  9-5.— Pole  tools. 


This  procedure  is  illustrated  in  figure  9-6  , 
The  •'butt  man"  holds  and  guides  the  butt  of  the 
pole  with  "cant  hooks"  or  a  "peavey"  (hook  on  a 
handle,  the  hook  being  designed  to,  grasp  the 
pole  when  pressure  is  applied  to  the  handle). 
As  the  upper  end  of  the  pole  is  raised,  a-  man 
keeps  the  jenny  in  approximate  contact  by  mov- 
ing it  toward  the  butt.  The  "butt  board"  is  a 
length  of  plank,  set  in  the  hole  and  long  enough 
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Figure  9-6.— Piking  up  a  polfc. 
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Figure  9-f.-Facihg  crossarms  oh  a 
straight  Une. 
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remaining  excavated  soil  is  banked  in  a  mound 
around  the  base  of  the  pole,  to  allow  for  subse- 
quent settling. 

GUYING  -  * 

A  "guy11  is  a 'brace  or  cable  which  is  "an- 
chored" in  some  fashion  at  the  lower  end,  and 
secured  to  a  point  on  the  pole  at  the  other,  and 
serves  to  brace  the  pole  Imposition.  Normally, 
«atl3  or  wire  guy  is  made  of  7-strand  galvanized 
steel.  There  ate  various  types  of  guys  used, 
m  some  of  which,  ar^  as  follows: 

A  "Une"  guy  is  one  installed  in  a  straight 
pole  line  and  parallel  to  the  line,  to  reinforce 
the  line  against  stress  caused  by  broken  con- 
ductors. 

A  "head"  guy  is  one  which  runs  from  the  top 
of  one  pole  to  a  point  beipwthe  top  on  another 
pole.   ;  f 

,  An  "arm"  guy  is  one  which  runs  . from  the 
end  of  a  crossarm  to  the  next  adjacent  pole.  It 
is  used  when  a  line  4ead-ehds  at  the  end  of  a 
crossarm.  1  , 

A,  "storm"  guy  (fig.  9.-9)  is  one  installed  in 
a  Une  to  prevent  the  entire  line  from  being 
puued  down  Jnthe  event  that  line  conductors 
should  break  at  some  point  in  the  line.  A  storm- 
guy  consists  of  two  line  guys  (that  is,  guys  run- 
ning paraUel  to  the  Une)  and  two  side  guys  (guys 
running  crosswise  to  the  line).  Storm  guys  are 
cusuaUy  instaUed  at  intervals  of  1/2  mi  to  1  mi. 

A  "sidewalk"  guy  is  outrigged  (as  shown  in 
fig.  9-9),  so  the  guy  wiU  not  obstruct  pedestrian 
.traffic  onjkhe  sidefwalk. 

A  guy  which  runs^frbm  the  top  of  a  pole  to  a 
ground  anchor  is  called  a  "down"  guy. 
■   A  "stub"  guy  runs  irom  the  top  of  a  pole  to 
the  top  St  a  shorter  pole  caUed  a  stub.  The 
stub  is  itself  braced  by  a  down  guy. 

Figure  9-9  shows  some  guys  used  in  special 
situations. 
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Figure  9-8.— Facing  crossarms  on  a  curve. 


Locating  Guys 

Guys  are  instaUed  at  any  place  in  the  line 
where  the  stress  of  the  cqnductors  could  puU 
the  crossarms  or  the  pole  out  of  proper  posi- 
tion. It  is  not  possible  to  mention  all  the  situa- 
tions which  caU  for  guying,  but  some  important 
guy  locations  are  as  follows: 

DEAD  ENDS.— Dead  ends  or  terminals  must 
be  guyed  as  shown  in  figure  9-9. 
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STRAIN 
INSULATORS 


sWrm'guy  sidewalk  guy 

Figure  9-9.— Types  of  guys. 
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CORNERS.— Corners,  that  is,  .poles  where  BRANCHES.— Where  a  branch  line  takes  off 

the  line  changes  direction  radically—must  be  from  a  main  line,  a  side  guy  should  be  installed 
guyed  as  shown  in" figure  9-9.  ■  to  support  the  stress  of  the  branch  line. 
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V  ANGLES*— A  corner  is,  of  course,  an  angle, 
*?ftt  it  is  an  angle  which  comes  close  to  90\ 
When  a  line  makes  ANY  angle,  however  slight, 
a  side  guy  should  be  installed.  For  a  large 
angle,  two  or  more  guys  should  be  installed. 

CROSSINGS,— Electric  lines  crossing  rail- 
way tracks  must  be  equipped  with  head  guys 
installed  on  poles  on  both  sides  of  the  crossing. 
These  guys  run  from  the  top  of  the  pole  adjacent 
to  the  trades  to  about  midway  of  the  next  pole: 

Strain  Insulators 

All  guys  on  power  lines  saould  have  one, 
preferably  two,  strain  insulators  installed  in  * 
•  the  guy  to  break  contact  between  the  upper  part 
of  the  guy  and  the  part  low  enough  to  be  con- 
tacted by  persons  on  the  ground.  The  lower 
insulator  should  be  at  least  8  ft  above  the  ground  * 


NEVER  CREEP  ANCHOR 


and  the  upper  one  should  be  placed  at  least  6  ft 
from  the  pole  to  prevent  electrical  contact 
(fig.  9-9  top), 

Guy  Anchors'  .  . 

For  securing  the  iower  or  ground  ends  of 
guys  there  are  various  types  of  "anchors"  used, 
some  of  which  are  illustrated  in  figure  9-10, 
The  "Never  Creep"  anchor  (this  is  a  trade 
nJime)  i*  ihstalled  by  digging  a  hole  about  8  in, 
in  diameter,  at  about  a  45°  angle  and  sloping 
9  toward  the  pole.  After  the>hole  is  dug,  a  rod  is 
driven  in  the  ground  closer  to  the  pole  and  in 
line  with  the  guy  wire  from  the  top  of  the  pole. 
This  rod  intersects  the  hole  *at  a,  right  angle 
about  6  ft  from  the  surface.  The  plate  part  of 
the  anchor  is  then  placed  cVer  the  rod  and" 
locked  on  by  the  slot  plate.  A  never  creep  an- 
chor is  shown  in  fig,  9-10A, 


LOG  ANCHOR 


SCREW  Tvpe  ANCHOR 


Figure  9-10,— Types  of  guy  anchors  in  general  use, 

V 
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The  "expanding  anchor"  (fig.  9-10B)  is  in- 
stalled by  dfgging  an  8-inJ  hole  in  line  with  the 
guy  wire  from  the  pole  or  at  about  a*  45p  angle. 
The  anchor  is  put  in  thfe  hole,  and  * heavy 
tamper  is  ^slipped*  over  the  rod.  The  anchor  is  * 
rammed  with  the  tamper  until  it  expands  to  its 
full^width.  This  usually  takes  about  five  or  six 
blows  with  fhe  tamper. 

The  'log"  anchor  (fig.  9-10C)  is  a  simple 
do-it-yourself  type  which  is  very  effective  in 
soft  or*  sandy  soil.  The  log  usually  consists  of 
a  6-ft  long  section  of  a  pole  which  has  outlived 
its  usefulness.  The  trench  is  dug  at  right  angles 
to  the  line  ot  the  guy,  to  a  depth  of  at  least  6  tt, 
*nd  long  enough  tQ  receive~the  log.  "*A  narrow 
trench,  to  accommodate  the  guy,  is  dug  as 
shown.  A  threaded  rod  is  run  through  a  hole  in 
the  log  %nd.  secured  with  nut  and  waster.  The 
rod  isic^^owh  topermit  the  eyeln^he  upper 
end*  to  wi»#point^6  in.  above  the  ground  line. 
/Vfy  "sc#^rtjrpe:  anchor  is  one.  which  can  be 
Screwed*  into^the  ground  as  shown  in  figure 
'VlOD.  A  shallow  hdle  is  dug  to  start  the  screw 
^bladeTand  the  rod  is  then  xotated  by  two  men 
using  a  bar-toggle  tun  through  the  eye. 


CLIMBING  POLES 


\ 


To  climb  a  wooden  pole  you  are  equipped 
with  the  .equipment  shown  in  thfe  lower  part  of 
figure  9-11,  The  "stirrup"  fits  under  the  arch 
of  your  foot,  and  the  leg  iron  runs  up  the  inner 
side  of  the  calf  of  your  leg.  This  puts  the"gaff 
in  aposition  on  the  inner  side  of  your  foot  where 
you  can  drive  it  into  the  pole  as  you  climb.  Two 
leather  straps  run  through  the  loop  straps  and 
hold  the  climber  tightly  against  your  calf  and 
ankle,*  The  "leather"  pad  keeps' the  upper  end 
of  the  climber  from  digging  into  your  leg. 

The  term  "leather"  refers  not  only  to  treated 
animal  hides  But  also  to  nepprene  impregnated 
nylon  products  such  as  body  belts,  safety  straps 
and  leg  straps.   These  non-leather  items  are 
cleaned  with  soap  and  water  and  are  available 
to  the  battalions.  .  - 
b  The  "safety  strap"  and  "body  belt"  shown  in 
the  upper  part  of  figure  9.-11  are- What  might  be 
called  your  extra  pair  of  hands  when  you  work 
aloft.    The  body  belt,  strapped  around  your 
waist,  contains  various  pockets  for*smail  tools. 
The  safety  strap  is  ^  "leather"  belt  with  a 
tongue-type, buckle  (keeper  snap)  at  each  end. 
While  you  are  climbing  you  will  have  the  safety 
strap  hanging  by  both  ends  from  the  <> left  ring 
(called  a  D-ring  because  of  its  shape)  on  the 


L  LOOP  FOR 
'     ANKLE  STRAP' 


STIRRUP 


LEG  OR 
ANKLE  STRAP' 
UNTERCH ANG ABLE) 


"LINEMAN'S  CUMBERS 


-  29.239- 
Figure  9-ll.-Pole-climbing  equipment. 

*  •  0 

body  belt^When  you  are  at  working  position, 
you  willunsnap  one  end  of  .the  safety  strap,  pass 
it  around  the  pdle,  and  hook  it  to  the  right  "D" 
ring  on  the  body  belt.  One  adjustable  buckle 
permits  variation  to  suit  the  lineman  the 
circumfereiice  of  the  pole.  You  can  i  ow  lean 
back  against  the  safety  strap  and.  maintain  a 
steady,  comfortable,  and  SAFE  position. 

Care^pf  Climbing  Equipment 

To  a  lineman  the  term  "burning"  a  pole 
means  the  highly  unpleasant  experience  o!  slid- 
ing all  the  way,  or  a  good  part  of,  the  way,  down 
-  a  pole  as  a  result  of  defective  equipment  or 
some  error  in  climbing  technique  madej>n  the 
way  up.  The  "burning"  you  get  doesn't  need  to 
be  explained  in  detail,  and  besides  burning  you 
may  get  a  good  many  splinters.  However, 
cumbers,  body  belt,  and  safety  belt  should  keep 
you  up  where  you  belong-if  you  use  them  prop- 
erly and  take  proper  tare  of  them. 

The  body  belt  and  safety  strap  require  con- 
tinuous inspection.  Look  for: 
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1.  Loose  or  broken  rivets. 

2.  Crack8,cuts,  nicks,  or  tears  in  "leather." 

t ^Broken  or_otherwise_  defective  buckles. 
.  Defects  in  safety-belt  snap  hooks  and 
body-belt  D- rings. 

5.  Worn  "leather." 

6.  Enlarged  tongue  holes  for  belt  buckles. 

If  you  discover  any  of  these  defects,  turn  in 
the  equipment  and  repine  it. 

*  You  must  periodically  perform  maintenance 
work  on  the  "leather"  parts  of  your  climbing 
equipment.  Cleaning  comes  first.  Use  a  damp 
sponge  and  a  mild  soap.  Work  up  a  thick, 
creamy  lather.  Then  wash  the  soap  off  and  wipe 
the  belt  with  a  dry  cloth. 

Next,  to  make  the  genuine  leather  soft  and 
pliable,  lather  well  With  "saddle"  soap.  Work 
the  lather  into  all  parts;  then  place  thfe  belt  in 
the  shade  to  dry.  After  the  lather  has  nearly 
dried,  rub  down  the  leaSher  with  a  soft  cloth. 

Body  b$dt s  and  safety  straps  made  of  genuine 
leather  Require  oiling  about  every  6  months. 
Be  sure  the  leather  is  clean  before  applying  oil. 
Use  about  2  teaspoonfuls  of  neat1  s- foot  oil, 
working  the  oil  in  gradually. '  Place  the  belt  in 
a  shady  place  and  allow -to  dry  for  24  hours. 
Then  rub  down  with  a  soft  cloth.  .  , 

Always,  before  you  climb  a  pole,  inspect  the 
climbers  for  the  following  defects: 

1.  Broken  or  loose  straps. 

2.  Stirrup  worn  to  a  thickness  of  1/8  in.  or 
less. 

3.  Length  of  gaff  of  less  than  1  1/4  in.  as 
measured  along  inner  surface. 

— 4.  Difference  in  gaff  lengths- of  more  than* 
1/8  iiv  


If  you  fin*  any  ui  these  defects,  turn  in  your 
climbers  for  a  new  pair. 

Climbers  Gage 

To  minimize  certain  dangers  which  "can 
occur  from  neglkct  of  the  climbers,  be  .sure 
that  you  are  awaVe-of  the  advantageous  use  of 
climber  gages  (fig.  9-12).  This  gage  is  used  to 
check  the  dimensions  of  gaffs.  These  must  be 
within. certain  tolerance^  or  the  climber  will 
"cut  out"  x>r  lose  contact  with  a  pole  or  tree. 

.  Measurements  of  the  length,  width,  and 
thickness  dnheTsSffra^mSdfc  arfollows.  ~ — 
'  LENGTH.  Place  the  lined  face  of  the  gage 
against  the  inner  surface  of  the  gaff  with  the 
short  edge  of  the  gage  held  tightly  against  the 
crotch  (fig.  9-13A).   The  crotch  is  the  point 


shout  ntnnzHCt  linc 


Figure  9-12.-Climbers  gage 


26.259 


'26.260 

Figure  9-13.— Use  of  climbers  gage. 

where  the  gaff  joins  the  leg  iron.  If  the  point  of 
the  gail  extends  to  or  beyond  the  short  reference 
line,  the  length  of  the  gaff  is  satisfactory. 

rVTOTHr~Insertrthenga^ 
through  the  small  slot  marked  W  with  the  inner 
surface  of  the  gaff  resting  against  the  lined  face 
of  the  gage  (fig.  9-13B). .  If  the  point  of  the  gaff 
does  not  extend  beyond  the  long  reference  line, 
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the  width  of  thte*  section  of  the  gaff  is  satisfac- 
tory. Insert  the  gaff  as  far  as  possible  through 
the  large  slot  marked  W,  with  the  Inner  surface 
of  the  gaff  toward  the  lined  face  of  the  gage  (fig. 
9-13C).  If  the  point  of  the  gaff  does  not  extend 
beyond  the  far  ed& of  the  gage,  the  width  of  this 
section  of  the  gafr is-  satisfactory. 

THICKNESS.  Insert  the  gaff  as  far  as  pos- 
sible through  the  small  opening  marked  TH, 
with  the  inner  surface  of  the  gaff  resting  against 
the  lined  face  of  the  gage  (fig.  9-13D).  If  the 
point  of  the  gaff  does  not  extend  fc^yond  the  ref- 
erence line,  the  thickness  of  this  section  of  the 
gaff  is  satisfactory.  Insert  the  gaff  as  far  as 
possible  through  the  large  opening  marked  TH, 
with,  the  inner  surface  of  the  gaff  resting  against 
the  lined  face  of  the  gage  (fig.  9-13E).  If  the 
point  of  the  gaff  doesf  not  extend  beyond  the  lar 
edge  of  the  gage,  the  thickness  of  this  section 
of  the  gaff  is  satisfactory. 

Sharpen  any  dull  gaffs  by  taking  long  strokes 
with  a  file  from  the  heel  to  the  point  of  the  gaff, 
removing  only  enough  material  to  make  a  good 
point.  NEVER  USE  A  GRINDSTONE  OR  EMERY 
WHEEL  TO  SHARPEN  GAFFS,  since  the  metal 
may  become  overheated  ind  lose  its  strength 
(temper).  Never  sharpen  the  gaff  to  a  needle 
point  (fi^9-I4).  since  it  will  sink  too  deep  into 
the  pole,  and  make  climbing  difficult.  Always 
leave'  a  shoulder  about  1/8  in.  back  from  the  point. 


tricks  you  can  learn  in  advance.  First,  of 
course,  make  the  preclimb  inspection  of  equip- 
ment previously  described  AND  PUT  ON  YOUR 
HARD  HAT.  Then  inspect  the  pole  to  determine 
the  best  side  on  which  to  start.  This  is  usually 
the  back,  or  high  side. 

Get  against  the  pole  and  grasp  each  side  of 
it  with  your  hands—not  that  you  will  hand- 
support  your-  weight  in  climbing,  but  simply 
because  you  will  use  your  funds  to  help  in  bal- 
ancing yourself  on  the  climbers  (fig.  9-15). 


WRONG 


RIGHT 


WRONG  RIGHT 

26.261 


Figure  9-14.— Sharpening  the  gaffs. 


Remember~That  climbers~are  "iwuse-n 
poles  ONLY,  Do  not  wear  them  while  working 
on  the  ground,  and  do' not  use  the  gaffs  for  such 
irregular  procedures  as  the  opening  of  cans 
and  the  like. 

Going  Up 

To  learn  pole  climbing  you  must  practice 
actual  pole  climbing.  However,  there  are  a  few 


73.311 

Figure  9-15.-Starting  to  climb  a  pole. 

Raise  your  right  leg  about  8  in.  off  the  ground 
~^d-siift~the-gaff-on-thaUeg4^ 
jab  the  gaff  in  the  wood.  Allow  your  weight  to 
sink  it  in.  Now,  swing  yourself  up  off  the  ground 
and  lock  your  right  leg  in  stiff-leg  position,  so 
that  all  your  weight  is  supported  on  that  leg. 

Take  the  next  step  by  raising  your  left  foot 
about  8  in.  and  sinking  the  gaff  on  that  foot  into 
the  wood.  Then  swing  up  onto  the  left  leg  stiff- 
legged,  and  take  the  next  step  similarly  with  the 
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right  foot.  Continue  this  stepping  up  and  locking 
stifMegged  until  you  reach  working  position. 
Keep  the  upper  part  of  your  body  away  from  the 
pole;  if  you  "hug"  the  pole,  you  will  tend  to 
throw  che  gaffs  out  of  the-wood-(figr9-16). 


l£NGTHOrsT£P«Lc  hcvc^ 
WU*y  *  ACCC*OA*CC  tpt^ 
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Figure  9-16.— Continuing  the  climb. 
At  Working  Position 

-  At  working  position  your  feet  should  be 
placed  so  that  most  of  your  weight  is  on  the 
right  foot,  stiff-legged.  The  left  foot  should  be 
slightly  above  the  tfght,  so  that  the  left  leg  is 
slightly  bent.  When  you  have  attained  this  posi- 
tion, you  must  proceed  immediately,  with  great 
care,  to  attach  the  safety  strap; 

Crook  your  right  arm  around  the  pole.  Use 
.  your  left  hand  to  unsniap  one  end  of  the  safety 
strap  from  the  left  "D"  ring  on  the  body  belt. 
Holding  the  end  of  the  safety  strop  in  your  left 
hand,  pass  it  around  the  back  of  the  pole. 
Transfer  the  £nd  of  the  safety  strap  from  the 
left  hand  to  the  right  hand,  at  the  same  time 
crooking  your  left  arm  around  the  pole  «to  hold 


yourself  in  position.  Then  swing  the  -  end  of  the 
safety  strap  quickly  around  with  your  right  hand 
and  snap  it  onto  the  right  D-ring  on  the  body 
belt. 

_  WARNING:  -  Visually  check-to  ensure  ~that~ 
the. snap  engages  the  D-ring.  Don't  depend  on 
the  sound  of  the  keeper  snapping  to  indicate  that 
the  snaphook  has  engaged  the  D-ring. 

You  can  now  release  your  left  arm  gradually, 
so  as  to  lean  back  against  the  safety  strap  (fig. 
9-17). 


73  313 

Figure  9-17.-Working  position!. 
'Coming  Down 

Before  -you  start  down  the  pole  you  must 
release  the  safety  belt.  Crook  your-  left  arm 
around  the  pole,  and  unhook-the  safety  strap 
from  the  right  D-ring  with  the  right  hand.  Pass 
the  end  of  the  safety  strap  to  the  left  hand, 
crook  your  right  arm  around  the  pole,  and  snap 
the  end  cf  the  safety  strap  to  the  left  D-ring* 

You  are  now  ready  to  descend.  Break  out 
the  left  gaff  by  swinging  the  left  knee  out  from 
the  side  of  the  pole.  Step  down  with  the  left  foot 
to  a  point  about  12  in.  below  the  right;  stiff-leg 
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the  left  leg,  and  bring  your  weight  on  it  to  sink 
the  gaff!  Then  .break  out  the  right  gaff  by 
swinging  the  right  knee  away  from  the  pole  (fig- 
9-18)  and  proceed  as  formerly  with  the  left  leg. 
Continue  this  stepping-down  process  until  you 
have  reached  the  ground*  ^ 


Figure  9-18.— Descending. 
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Pole-Climbing  Safety 

As  you  work  aloft,  keep  the  following  .pre- 
cautions constantly  in  mind: 

JL.  NEVER  carxy  tools  or  pther  objects  in 
your  hand  when  climbing. 
*  2.  NEVER  trust  pins,  crossarm  braces;  or 
guy  wires  as  supports. 

.  3.  If  you  are  working  with  another  man-  on 
the  same  pole,  and  he  goes  up  first,  wait  until 
he  is  strapped  in  working  position  before  you 
startup.  ' 

4.  Do  not  depend  on  the  snapping  sound  when 
you  snap  the  safety  strap  to  a  D-ring.  Look 


down  to  ensure  that  the  snap  is  engaged  to  the 
ring. 

5.  IT  the  top  crossarm  is  near  the  top  of  the 
pole,  do  not  pass  the  strap  around  the  short 
length  of  pole  protruding  above  the  crossarm. 

MOUNTING  CROSSARMS 
AND  RACKS 

Crossarms  are  made  in  a  variety  of  sizes, 
the  size  iised  depending  on  the  voltage  on  the 
line  and  the  number  of  conductors.  For  average 
use,  a  "six-pin"  arm  with  four  pins  occupied  by 
"coriductors7  is~ common.  The  size.  ortKis  arm 
gives  a  good  clearance  space*  between  c en- 
actors* , 

Crossarms  are  sometimes  mounted  on  a 
pole  before  the  pole  is  raised  and  set  in  the 
ground.  This  gives  the  man  doing  the  sighting 
an  advantage.  When  a  crossarm  is  mounted 
before  the  pole  is  set  up,  the  crossarm  through 
bolt  is  set  up  tight,  but  the  crossarm  braces 
are  left  hanging  loose.  After  the  pole  is  set,  - 
the  crossarm  is  leveled  and  the  braces  then 
attached.   Finally,  the  through-bolt  is  set  up 

hard.  ^  ,  . 

If  the  crossarm  is  mounted  after  the  pole  is 
set,  it  is  pulled  up  to  a  lineman  in  working  posi- 
tion by  a  helper  on  the  ground,  using  a  handline 
attached  as  shown  in  figure  9-19.  With  the 
handline  attached  in  this  fashion  the  lineman 
can,  after  he  inserts  the  through  bolt,  cast  off 
the  upper  half-hitch,  and. the  helper  on  the 
ground  can  then  heave  the  crossarm  level. 

Braces*  are  usually  fastened  to  "a  crossarm 
with  3/8-in.  by  4-m.  carriage  bolts.  Each.br  ace 
comes  down  diagonally  and  is  attached  to  the 
pole  at  the  lower  end  with  a  1/2  in.  lag  screw. 

On  a  straight  line  without  excessive  strains, 
crossarms  are  used  singly-mounted  face-to- 
face  or  back-to-back,  as  previously  mentioned. 
At  line  terminals,  corners,  angles,  or  other 
points  of  "  excessive  strain,  crossarms  axe 
doubled.  Where  a  power  line  crosses  a  rail- 
road or  a  telephone  line,  crossarms  should  be 

doubled.    ■  ,  ^  -  m 

When  double  arms  are  used,  they  are  fas- 
tened together  at  the  ends  vfith  double-arm 
bolts.  One- of  th^se  is  threaded  all  the  way,  ana 
has  two  square  washers  and  two  nuts  on  each 
bolt  between  the  arms.  The  lineman  can  adjust 
the  spacing  between,  a  pair  of  crossarms  by 
setting  these  nuts  the  desired  distance  apart  on 
the  threaded  bolts. 
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CLOVE-HITCH 
*"  BOTTOM 


73.75 

Figure  9-19.— Cross  arm,  showing 
.  the  proper  way  to  fasten  handline. 

* 

SECONDARY  RACKS 

Secondary  conductors  may  be  strung  on 
crossarms,  but  are  usually  put  on  secondary 
"racks.!'  These  racks  are  made  in  sizes  to 
accommodate  2, 3,  or  4  conductors."  A  second- 
ary, ract  is  mounted  on. the.  side  of  a  pole  (for  a 
straight  run)  or  on  the  inside  of  a  pole  (for  a 
dead  end)  as  shown  in  figure  9-20.  A  rack  is 
ferfemd  to  the  pole  with  lag  bolts  on  a  straight 
line,  with  a  through  bolt  at  the  top  and  lag 
screw  at  the  bottom,  or  with  through  bolts  with 
nuts  for  a  dead  end  or  wheir  y  branch  line 
takes  off  from  the  main  line. 

Insulators  are  held  to  a  rack  by  a  rod  pass- 
ing through  the  insulators  and  brackets  on  the 
rack  as  shown  in  figure  9-18. „  On  a  straight 
line  or  inside  angle  the  conductor  is  run  on  the 
inside  of  the'insulator.  On  an  outside  angle  it, 
is  run  on  the  outside.  The  conductor  is  always' 


 26.85(73) 

Figure  9-20.-Secondary  rack. 


placed  with  strain  against  the  insulator.  Figure 
9-21  shows  rack  arrangements  at  corners  and 
angles.  _ 

Another  type  of  secondary  construction  con- 
sists  of  a  patented  bracket  for  holding  a  single 
conductor.  This  bracket  can  be  opened  in  such 
a  way  as  to  permit  the  conductor  to  be  pulled 
over  the  insulator,  which  revolves  like  a  pulley 
during  the  process.  After  the  conductor  has 
been  pulled  up  to  proper  sag,  the  conductor  is 
tied  in  and  the  bracket  snapped  up  into  vertical 
position. 
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•~    -  73.77 
Figure  9r21.-Back  a/rangeraents 
at  corners  and  angles. 


STRINGING  THE  CONDUCTORS 

There  are  various  ways  of  stringing  the 
conductors.  One  method  includes  placing  the 
reels  on  a  truck  or  trailer  and  driving  along 
the  line  of  right  of  way,  unreeling  the  wire, 
this  method  has  the  advantage  of  not  allowing 
the  wire  to  drag  on  the  ground;  but  in  some 
locations  you  may-hot  be  able  to  drive  a  truck 
along' the  right  <>f  way  because  of  rough  terrain. 

No  matter  how  you  string  the  wire,  you  will 
have  to  mount  the  reels  on  some  support-that 
allows  them  to  revolve  freely.  This  is  usually 
done  by  raising  a  reel  on  cable  jacks  as  shown , 
in  figure  9-22.  A  metal  rod  strong  enough  to 
support  the  reel  is  put  through  the  hole  in  the 
center,  and  the  rod  and  reel- are.  jacked  up  on 
each  side,  with  the  leg  of  tte  "T"  base  away  . 
from  the  reel  as  shown.  You  may  have  to  fasten 
down  the  bases  of  the  jacks  to  keep  the  strain 
from  upsetting  the  reel.  When  jacking  upritis 
only  necessary  to  raise  the  reel  just  clear  of 
the  deck. 

When  stringing  wire  in  rough  terrain,  the 
best  method  is  to  anchor  a  reer  to  the  ground  at 
the  end  of  the  line  by  means  of  guys  run  to 
driven  stakes.  A  rope  line  is  then  run  over  the 
crossarms  for  a  horizontal  distance  of  from 
1000  to  1500  ft.  This  line  is  draped  on  each 
crossarm  by  a  lineman  climbing  the  pole. 

After  the  rope  has  been  strung  over  the 
crosdarms,  one  end  is  secUred^to  the  wires  to 
be  pulled,  and  a  couple  of  turns  taken  with  the 
other  end  around  the  winch  drum  on  the  line 
truck..  The  drum  is  then  rotated  to  haul  in  the 
rope,  and  the  wires  with  it.  As  each  wire  passes 
a  crossarm,  a  lineman  must  climb  the  pole  to 
set  the  wire  in-proper  position  and  guard  against 
twisting.  ,^ 

To  keep  a  paying-out  reel  from  revolving 
too  fast,  a  brake  or  drag  is  set  against  the  reel. 
This  can  be  simply  a  board,  held  against  the 
outer  edge  of  the  reel  by  a  helper.  As  a  wire 
or  wires  are  being  pulled,  enough  men  must  be 
stationed  along  the  way  to  establish  a  chain  of 
signal  communication  from  the  head  of  the  line 
back  to  the  line  truck. 

A  neutral  wire  should  always  be  placed  on  a 
center  crossarm  pin  or  on  a  pole -top  pin.  With 
a  secdndary  "rack,  put  the  neutral  wire  on  the 
top  spool,  so  the  neutral  can  protect  the  hot 
*  wires  against  anything ,  that  might  fall  from 
above.  Putting  the  neutral  on  a  center  or  pole 
pin  also  gives  the  lineman  a  clear  space  around 
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Figure  9-22.-Cable  reel  on  reel  jack.  * 


the  pole  to  climb  through-that  is,  it  ensures 
that  the  hot  wires  are  a  considerable  distance 
apart.  - 

_  When  v the  conductors  have  beenrhoTstedln 
place  on  the  crossarms  and  dead  ended  on  one 
end, you  are  ready  to  start  "pulling  in"-that  is, 
heaving  on  the  conductors  until  each  has  been 
raised  to- proper  sag.  This  is  done  with  a  tackle 
equipped  with  a  cable  grip  (commonly  .called  a 
"come-along")  like  those  shown  in  figure  9-23. 
A  cable  gripes  a  clamp-type  device  which  grips 
the  wire  tightly  when  a  strain  is  applied  to  the 
grip.  .  * 

When  pulling  two  or  more  wires  at  once,  it 
is  best ,  to  use  the  equalizer  shown  in  iigure 
9-23.  This  device  distributes  the  strain  equally 
on  all; the  wires.  G 

'When  wires  have  been*  pulled  to  approxi- 
mately the  desired  sag,  a  lineman  goes  to  the 
center  span  to  measure  the  sag.  Measurement 
at  the  center  of  each  span  ensures  uniform 
measurement.  Three  common  ways  of  measur- 
ing sag  are  by  dynamometer,  by  timing  vibra- 
tion, and  by  the  use  of  targets. 

A  lever- cam  dynamometer  is  an  instrument 
which  is  installed  in  the  pulling  line  arid  which 
measures  the  strain  of  the  pull.  It  is  used  in 
conjunction  with  a  chart  which  gives  the  desired 
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Figure  9 -23  .'-Pulling  wires  with  equalizer. 
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pull  tension  for  a  given  conductor  size,  span 
length,  and  temperature.  A  traction  dynamom- 
eter, also  installed  in  the  pulling  line,  provides 
direct  readings  on  the  face  of  the  dial. 

The  timing-vibration  process  is  done  by 
striking  the  wire  sharply  near  one  of  the  pole 
supports,,  andL  timing  by  stop  watch  the  interval 
which  elapses  during  which  the  impulse  from 
the  blow  travels  to  the  next  pole  and  returns. 
This  system  is  not  accurate  if  a  wind  is  swing- 
ing the  line,  or  if  the  line  is  being  worked  on  in 
an  adjacent  span. 

The  target-sighting-  method  is  a  simple  and 
accurate  means  for  measuring  sag.  .The  desired 
sag  is  first  ascertained  from  table  9-2. 

Figure  9-24  illustrates  the  effect  of  temper- 
ature on  the  sag  in  a  200-ft  span  of  00  wire. 
You  target-measure  sag  by  nailing  slat  targets, 
such  as  a  couple  of  pieces, of  wood  lath,  on  each 


pole  a  distance  below  the  conductor  insulator 
equal  to  the  desired  amount  of  sag*  A  lineman 
then  sights  from  one  slat  to  the -other,  and  the 
conductor  is  hauled  up  or  lowered  until  its^  low- 
est point  is  on  the  line  of  sight  between  the 
slats  (fig.  9-25),. 

After  the  wires  are  "sagged  in,"  you  allow 
a  rest  period  of  from  a  1/2-hour  to  4  hours 
(varying  according  to  the  length  of  the  pull),  to 
let  the  wires  adjust  themselves  to  the  tension 
in  the  pull.  They  will  gradually  "creep"  until 
tension  in  all  the  spans  is  equalized.  After  they 
have  crept  to  the  final  position,  you  are  ready 
to  "tie  in." '  , 

TYING  IN  CONDUCTORS 

Tie  wire  fastens  the  conductor  and  insulator 
together.   Conductors  can  be  tied  in  various 


Table  9-2.— Sag  variation  with  temperature. 
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Figure  9-24.-Effect  of  temperature  on  sag  in  2Q0-ft  sp^a  of  00  wii&7 
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Figure  9-25.-Adjusting  sag. 
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ways,  but  the  ties  shown  in  figure  9-26  are  the 
ones  most  commonly  used.  Hold  the  tie  wire 
tight  against  the  insulator  as  .  you  make  your 
wraps .  around  the  insulator  and  the  conductor 
wire.  * 

,  In  -  tying  in  wires  observe  the  following 
procedures: ' 

Always  use  new  fully  annealed  wire  for  ties. 
Hard  drawn  wire  is  brittle  and  cannot  be  pulled 
up  against  conductor  and  insulator. 

Use  the  proper  size  wire.  For  No.  8  bare 
use  No.  8  bare.  For  No.  6  or  No/4  bare,  use 
No.  6  bare.  Use  No.  "4  bare  for  Nb.2  conductor; 
Use  No.  2  bare  wire  for  No.  1/0  through  4/0 
bare  conductor.  - 


Use  a  piece  of  tie  wire  that  is  long  enough  to 
make  the  complete  tie,  with  enough  left  over 
this  to  allow -grasping.  After  the  tie  is,  com- 
pleted, cut  off  th$  excess  and  form  a  loop  or 
eye  at  the  end  of  any  projecting  end  of  the  wire. 

Make  positive  contact  between  tie  wire  *and.: 
conductor  to  avoid  chafing  and  to  limit  possi-1 
bilities   of  causing  interference  with  radicf 
communications.'  f/ 


INTERFERENCE  ELIMINATION  t* 

Powerlines  may  be  a  source  of-inierierenee — * 
'With  radio  communication.  Conductors,  insula- 
tors, and  hardware  contribute  their  ?hare  by 
means  of  spark  discharges,  localized  corona 
discharge  and  cross  modulation. 

Spark  discharges  occur  when  localized  ex-  ., 
cessive  voltage  stress  exists.  A  conductor  may  . 
become  partially  insulated  by  corrosion  prod- 
ucts or  an  insulator  partially  conductive  due  to 
cracks.  A  third  source  of  stress  -  occurs  when 
a  conductor  is  placed  with  but  a  small  air  gap 
between  it  and  another  metallic  part  of  a  pole. 

Corona  is  defined  as  the  luminous  discharge 
due  to  ionization  of. the  air  in  the  vicinity  of  a 
conductor  when  the  voltage  gradient  exceeds  a 
certain  critical  value. 

■  Cross  modulation  (often  the  reshit  of  a  cor- 
roded connection  which  causes  non-linear  rec- 
tification of  currents)  may  occur  when  splices 
are  made  by  twisting  or  serving  the  conductors 
rather  than  the  morepositive4nechanical-splicg:  


Additionally,-  when  conductors  of  dissimilar 
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StOE  TIE -.SINGLE  ARM 


NOTE*  ENOS  Of  TIE  W»R£  SHOULD  OE  6CNT 

SACK  F1RM1Y  AGAINST  CONDUCTOR  TO 
PREVENT  RADIO  INTERFERENCE 


$TER  1  -  HOLD  »i  WhilE  AtGO€S 
TO  *2 


KM)  6t  OOWN  SLIGHTLY 


STEP  2 


TOP  TIC -SINGLE  ARM 
STEP  3 


HOLO  8]  WHitE  SERVING  A 2 


INSULATOR  TIES  FOR  STRAIGHT 


,  SIDE  GROOVE  TIES 
fOR  UNC$*  *-»2  INCL* 


START  TIC  BY  PLACING 
KMOOU  OF  Tit  WlRe  AT 
CENTER  Of  TOR  GROOVE 


TOP  GROOVE  TIE  " 
fOR  LINES  2 AND  LARGER 


t}  GOES  TO  t2  ToRj  TO  B* 


STER  ♦ 


PASS  8 4  OVER  UNE  WIRE  AND 
SERVE  .WSM  AT  85 


TOP  T1E-OOUSLE  ARM 


MAKE  ONE  FULL  RIGHT  HAND 
TWIST  iEFORE  WRAPPING 


NOTE:  TIES  MUST  NOT  *E  REUSED* 

ALL  TIES  rOR  WEATHfR  RESISTANT  CONDUCTORS 

TO  BC  MADE  FROM  WEATHER  RESISTANT  COPPER  WIRE 
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Figure  9-26.— Tying  in  conductors. 


metals  are  joined,  corrosion  will  occur  unless, 
special  connectors  designed  for  the  specific 
combination  of  metals  are  used. 

Remedies  for  conductor,  insulator.  andjtagcdr_ 
-  ware  Interference  are  relatively  simple  (figs. 
9-27-9-29).  Remember,  the  conditions  for 
hardware  interference  are  set  up  whenever  two 
pieces  of  hardware  are  not  securely  bonded  to 
each  other  or  are  permanently  separated  by  too 
short  an  air  gap. 

Additional  specific  precautions  to  take  to 
minimize  conductor  and  hardware  interference 
include  the  ioltowing. 


•  Maintain  at  least  a.  2-inclv  clearance 
through  or  along  wood,  and  a  1  1/2-inch  clear- 
ance through  air  from  metalinsulator  pins  jo_ 

_aay4*her-meiaH)ai  Is  suci'raargrossarm  braces, 
through-bolts,  square  washers,  molding  staples, 
conduit,  brackets  for  arresters  and  cutouts, 
deadend  attachments;  ground  wires,  etc. 
-  •  Permanently  bond  crossarm  braces  to- 
gether on*  circuits  greater  than  5  kilovolts.  Use 
wood  crossarm  braces. 

•  Where  local  electrical  safety  codes  per- 
mit, bond  metal  insulator  pins  together  on  cir- 
cuits above  5  kilovolts. 
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A.  KEEP  CONDUCTOR  CLEAR  OF  BITS  OF 
WIRE,  KITE  STRINGS,  ETC. 

8.  KEEP  ENDS  OF  TIE  WJRES  AWAY  FROM 
INSULATOR. 


C  US%  ONLY  £  ARE,  SOFT  TIE  WIRE. 

0.  AVOID  SHARP  POINTS  AND„PROTRUDING"~ — 
-     ENDS  ON  TIE~WIRE. 

^  MAKE  SURE  TIE  WIRE  IS  TIGHT. 


F.  STRIP  INSULATION  FROM  CONDUCTOR 
AND  MAKE  CLOSE  CONTACT  WITH  THE 
INSULATOR.  *  * 

C.  tfSE  ONLY  APPROVED  PRSSSURfc 

CONNECTORS,  AUTOMATIC  SPLICE,  OR 
SLEEVES  FOR  SPLICE.     :_   „  — -  

~H7  USE  SPECIAL  BIMETAL  CONNECTORS  TO 
CONNECT  DISSIMILAR  METAL  CONDUCTORS. 

I.    USE  ARMOR  TAPE  AND  GRADE  AtfO-OX/OE 
UNDER  HOT  CINE  CLAMP  ON  CONDUCTOR. 


-figure  9*27.— Corrections  for  common  sources  of  conductor  interference. 
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WHERE  NECESSARY,  USE  CONDUCTING 
PAINT  TO  INSURE  GOOD  CONTACT  IN 
TIE  WIRE  AND  CONDUCTOR  GROOVES. 


CHECK  FOR  HAIRLINE  CRACKS. 


SEE  THAT  CONDUCTOR  IS 
BARE,  CLEAN.  AND  IN 
INTIMATE  CONTACT 


AVOID  AIR  POCKETS  BETWEEN  PIN 
AND  INSULATOR. 


AVOID  USING  TIE  WIRE 
TOO  LARGE  FOR  GROOVE. 

SPECIFY-RADIO.FREE 
JNSULATORS. 

DO  NOT  ALLOW  INSULATOR 
TO  BECOME  TOO  DIRTY  OR 
COATED  WITH  SALT, 
*  SMOKE,  ETC. 


1  USE  ONLY  METAL  PINS. 


NOTES:  1.  USE  FOC^TYPE  INSULATORS  IN  AREAS  WHERE- FOG  IS  COMMON. 

2.  USE  CLAMP-TOP  POST  TYPE  INSULATORS  AT  VOLTAGES 
OF  24  KILOVOLTS  AND  HIGHER. 


Figure  9-23,— Insulator  interference  corrections. 
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COHOUCTOt  TO  INSULATOR 


IHSULATOi  TO  9M 


WASHER  WAD  HUT"      §ot^  0R  TAf  f  |0  WA$HM* 


CLfAi  AHCf  ,* 
.IOLT  TO  FlHj 


FOR  OVER  S  * 
KIUOVOVTS  tONO  WIRE 
WHERE  rERMITTEO 


AC WAYS  USE 
HO-OX.IO  UKOER 
C0HNECT1CHS 


CLEARAHCC, 
STAPLE  TO  ,  - 

•OCT  OR  iRACRET  * 


lOAP  OtSCHARGES  OCCUR. IP  CLEARANCE  IS  IHSUPf  ICIEHT 
*  LOOSE  OR  COMOOtD  MARPWARE  CAUSES  OlSCHARCES. 
«USE  tOHOEO  HAROWARE  OR  SPRING  WASHER - 
5  USE  GROUHO  CLIPS  POft  PASTEHJHG  GROUND  WIRE  TO 
POLE.    USE  GALVANIZEO  STEEL  OR  COPPERWELO  p 
STAPLES  OVER  WOOO  NOLOIHG. 


Figure  9-29 •-Possible  sources  of  hardware  interference  ajid  means  of  prevention. 
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•  Use  double-coil  spring  washers  on  all 
bolts  of  attachments  that  support  primary  con- 
ductors, including  primary  neutral  or  common 
neutral  supported  on  primary  crossarms. 

*  •  Use  ground  wire  clips  in  place  of  staples 
when  attaching  ground  wires  directly  to  a  pole 
of  crossarm.  If  metal  clips  are  to  be  used  on 
weatherproof  qr  other  types  of  covered  ground 
wire,  remove  sufficient  covering  from  the  wire 
so  that  the  metal  clip  will  make  good  contact 
with  the  wire.  If  plastic  clips  are  used,  this 
procedure  is  nbt  necessary. 

•  Insure  that  ground  wires,  bond  wires  and 
all  staples/clamps  ire  at  least  1  1/2  inches 
from  any  ungrounded  metal  parts  such  sis  trans- 
former brackets,  crossarm  braces,  and  through 
bolts. 

•  Clamp  bond  or  ground  wires  only  against 
•  other  metal  parts  and  with  a  washer  or  locknut. 

•  During  construction,  a  lag  screw  with  or 
without  a  double-coil  washer  under  the  Head 
should  be  screwed,  not  driven,  into  place  for 
the  last  1  inch  of  its  length. 


DISTRIBUTION  TRANSFORMERS 

For  long-distance  power  transmission  a 
voltage  higher  than  that  normally  generated  is 
required.  A  transformer  is  used  to  step  the 
voltage  up  to  that  required  for  transmission. 
Then,  at  the  service  distribution  end,  the  volt- 
age must  be  reduced  to  that  required  for  lights  . 
and  equipment.  Again  a  transformer  is  used,, 
this  time  to  step  down  the /roltage. 

Transformers  are  explained  in  Basic  Elec- 
tricity. To  the  discussion  given  there,  the  fol- 
lowing may  be  added. 

PRIMARY  AND  SECONDARY 
CONSTRUCTION 

The  change  in  voltage  in  a  transformer  der 
pends  on  the  number  of  tu?ns  of  wire  in  the 
coils.  The  high-voltage  winding  is  composed  of 
Inany  turns  of  relatively  small  wire,  insulated 
to  withstand  the  voltage  impressed  oh  it.  The 
secondary  winding  is  composed  of  a  few  turns 
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PRIMARY 
MAMS 


SECONDARY. 
MAINS 


the  coils.  Second,  it  helps  dissipate  the  heat 
'generated  by  resistance  of  the  windings  and 
eddy  currents  in  the  iron  core.  If  this  "heat 
were  not  removed  in  a  satisfactory  manner,  the 
transformer  would 'operate  at  excessively  high 
temperature,  which  would  in  turn  damage  or 
destroy  the  insulation  on  the  coils. 


{transformer 


{TRANSFORMER 


SECONDARY 
MAINS  - 


73.83 

Figure  9-30.— Single-phase  transformer 
with  secondary  windings  connected*  in 
series  and  parallel. 

of  heavy  copper  wire  large  enough  to  carry  high 
.  current  at  a  low  voltage.  Figure  9*3.0  shows  a 
single-phase  transformer,  with  secondary  wind- 
ings connected  series  and  parallel. 

In  a  distribution  transformer  a  secondary 
coil  is  wound  on  each  leg  of  , the  laminated  iron 
core,  and  the  primary  coil  is  wound  over  the 
secondary  coils.  The  primary  leads  pass 
through  a  steel  tank  and  are  insulated  from  the 
tank  by  porcelain  bashings.  The  secondary 
leads  are  connected  to  studs  on  a  terminal 
block.  Copper  straps  on  the  secondary  terminal 
block  permit  connecting  the  two  secondary  coils 
in  series  or  in  parallel.  From  t^e  terminal 
block,  three  secondary  leads  pass  through  por- 
celain bushings  to  the  outside  of  the^tank.  An 
oil-level  line  inside  the  tank  marks  the  level  to 
which  the  tank  is  filled  with  transformer  oil. ' 

TRANSFORMER  OIL 

Transformer  oil,  which  has  high  insulating 
quality,  serves  two  purposes.  First,  it  insulates 


OTHER  COOLING  METHODS 

Th*re  are  several  other  methods  of  cooling 
transformers,  such  as  self  air-cooling,  air-  ~ 
blast p  cooling,  liquid  immersed  self-cooling, 
and  lit  uid  immersed  water  cooling.  Self  ai*- 
*  cooler'  types  are  simply  cooled  by  surrounding  # 
air  at  atmospheric  pressure,  the  heat  being  re-  * 
moved  by  natural.convection  (normal  dissipation 
of  heat  by  cooling).  This  type  is  called  the  dry 
type  transformer. 

The  air-blast  cooled  transformer  has  the 
core  and  windings  enclosed  in  a  metal  enclosure 
through  "which  air  is!  circulated  T>y  a  blower. 
This  type  is  used  for  large  power  transformers 
with  ratings  up  to  from  -2,000  to  15,000  leva. 

The  liquid-immersea  self-cooled  trans- 
former is  the  type  previously"  described-that 
is,  with  coils  and  core  completely  immersed  in 
transformer  oil.  In  the  larger  sizes,  the  tanks 
are  provided  with  external  tubes  or  external 
radiators  through  which  the  oil  circulates  by 
natural  convection  caused  by  the  differences  in 
temperature  in  the  liquid.  (Yy\ 

The  liquid-immersed  water-cooledPtrans- 
former  is  sometimes  used  where  there  is  a 
plentiful  supply,  of  cooling  water  available.  In 
this  type  a  coil  of  copper  or  brass  pipe  is  in- 
stalled near  the  top  of  the  tank  in  the  cooling 
oil.  Water  is  circulated  through' this  coil  and 
carries  away  the  heat  from  the  oil  as  it  rises 
in  the  tank. 

SINGLE-PHASE  AND  POLYPHASE 
TRANSFORMERS 

transformers  are  built  in  both  single-phase 
and  polyphase  units,  but  on  military  installations 
the  single-phase  type  is  the  one  most  often  used.* 
4  By  connecting  three  single-phaso  transformers 
in  a  single  bank,  the9 same  results  are  obtained 
as  would  be  with  one  three-phase  transformer; 
and  the  bank  is  more  flexible.  With  the  three- 
phase  transformer,  a  failure  in  ^transformer 
interrupts  the  service  more  than  would  a  failure 
of  a  single  transformer  in  a  bank  of  three 
single-phase  transformers.   The  three-phase 
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transformer  is  also  more  bulky,  and  therefore 
harder  to  handle,  especially  for  pole  or  plat- 
form mounting*  • 

MOUNTING  TRANSFORMERS 

Transformers  are  equipped  with  various 
faciUties^for  mounting.  Some  are- made  with 
lugs  on 'the  back,  of  the  metal  Enclosure  for 
direct  mounting  on  a  pole  by  meana^f  through- 
bolts.  Others  have  lugs  for  mounting  on  cross- 
arm  type-brackets*  Still  another  type,  called 
the  platform  type,  is  suitable  for  mounting  the 
transformer  on  its  own  base.  One  of  these  may 
be  mounted  on  any  flat  surface  of  sufficient 
supporting  strength— sucft^as  a  concrete  plat- 
form on  the  ground,  or  a  wooden  platform  on 
'sills..       *  . 

TRANSFORMER  -LOAD 


Most  transformers  are  rated  according  to 
the  leva  load  the  transformer  can  carry  without 
*  developing  a  temperature  rise  of  more  than  55°C 
(about  131  °,F),  given  the  following  conditions: 

1.  The  transformer  is  operating  at  the  rated 
voltage,  or  not  in  excess  pi- 105  percent  of  the 
rated  voltage.  '  * 

2.  The  transformer  is  operating  at  the  rated 
-frequency*    

3..  The  temperature  of  the-  surrounding  air 
at  notime  exceeds  40°C  (104!F),  and  the  aver- 
age during  any  24-hour  period  does  not  exceed 
30°C(86°F). 

The  55  °C  allowable  temperature  rise  is  a 
common  standard;  however,  the  nameplate  of  a 
•particular  transformer  may  indicate  a  different 

standard.  *  *  0 

The  proper  loading  of  a  transformer  also 
depends  on  the  balancing  of  the  load  on  the  dis- 
tribution 'conductors.  This  balancing  should  be 
checked  periodically  with  a  clamp-on  ammeter, 
to  ensure  tH»  the  circuit  is  correctly  balanced. 
You  may  it  times  haxe  to  shift  some  of  the  load 
from  one  phase  to  another  to  keep  the  load  bal- 
anced in  the  transformer. 

When  current  is  being  supplied  to  a  motor 
by  a  transformer,  the  kva  gating  of  the  trans- 
former should  be  at  leas^as  highas  the  hp  rat- 
ing of  the-motor-me5ffinte  that*  a, {for  example) 
15-hp  motor  would  requird  a  75  kva  trans- 
former. Transformers  for  small  motors  should 
have  a  sppiewhat  larger  kva  capa'city  than  the 
motor  kva  capacity  if  the  motors  are  to  be  run 
at  full  load  or  slight  overload  most  of  the  time. 


TRANSFORMER  PtiWER*  FACTOR, 

Power  input  to  the  primary  coil  of  a  trans- 
former is  practically  equal  to  output-meaning 
that.the  power  factor  is  close  to  1.00.  However, 
there  may  be  .small  losses,  in  which  case  P  will 
again  equal,  not  the  product  of  E  times  I,  but 
th£  product  of  E  times  I  times  a  power  factor, 
of  less  than  1.00.  v 

In  computing  the  load  that  a  transformer  *an 
carry,  you  must  Jetermine  the. power  factor 
and  apply  it  to  the  product  of  E  times  I. 

GROUNDING  TRANSFORMERS 

prounding  of  a  distribution  system  helps  to 
prevent  accidents  ttf  personnel  and  carnage  to 
property  in  the  event  of  insulation  breakdown, 
accidental  shorting  of  high-  and  low-voltage  % 
lines,  or  a  lightning  strike. 

If  a  high-voltage  line  is  accidentally  fehorted 
with  a  low-voltage  line,  the  current  will  flow 
through  the  secondary  coil  of  the  transformer 
to  the "secdiufixy  ground,  which  will  in" turn 
cause  the  primary  protective  device  to  open  the 
circuit.  In  this  case  the  primary  protective- 
device  which  functions  is  the  substation  circuit 
breaker.  An  accidental  shorting  o!  the  primary 
and  secondary  windings  in  the  transformer  will 
cause-  the ,  primary  fuser  ahead  of  the  trans- 
former, to  open. 

If, however/there  are  no  ground  connections, 
the  primary  voltage  will  be  impressed  on  the 
secondary  conductors,  which  are  usually  insu- 
lated for  60p  volts,  and  considerable  damage  to 
equipment  will  occjir.  ^Great  danger  will  exist 
for  anyone  touching  any  electrical"  equipment  at 

the  time*  . 

All  metal  noncurrent-carrying  equipment  of 
a  substation  must  be  grounded.  All  services 
must  have  the  identified  wire  (white  wire) 
grounded  on  the  line  side  of  the  service  switch. 
This  ground  may  be  inside  or  outside  of  the 
building  at  the  point  where  the  lines  are  fastened 
to  the  building.  ,  '  * 
*  If  possible,  the  ground  mu&  be  connected  to 
a  water  pipe.  If  this  is  not  possible,  either  a 
driven  rod  not  less  than  8  ft  long  and  not  less 
than  5/8  in.lh  diameter,  or  the  metal  frame  of 
a  building,  plate  electrode,  or  pipe  electrode 
may  be  used.  Electrode  grounding  is  explained 
in  article  250-54.  of  the  National  Electrical 
Code  (NEC). 

Individual  transformer  and  lightning  arrester 
grounds  must  not  exceed  10  ohms. 
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If  one  electrode  does  not  meet  the  specifica- 
tions given,  more  must  be  installed  until  the 
resistance  does  not  exceed  specifications  in 
9Yi.  ~ .  . 

The  grounding  conductor  shall  be  attached  to 
the  grounding  electrode  by  an  approved  bolted 
cUmp  of  cast  bronze  or  brass  or  of  plain  or 
malleable  cast  iron,  or  other  equally  substantial 
and  approved  means.  The  grounding  conductor 
shall  be  attached  to  the  grounding  fitting  by 
means  of  suitable  lugs,  pressure  connectors, 
clamps,  or  other  approved  means,  except  that 
connection*  depending  on  solder  must  not  be 
used.  All  grounding  conductors  shall  be  pro- 
tected from  mechanical  injury  by  pipe  or  wooden 
molding.  «~r* 

TRANSFORMER  POLARITY 

All  transformers  carry  standard  polarity 
markings.  The  letter  "H"  is  used  to  indicate 
the  high* voltage  terminals,  and  the  letter  ,?X" 
to  indicate  the  secondary  terminals.  The  ex- 
treme right-hand  lead  as  you  face  the  high- 
voltage  side  of  the  transformer  is  marked/Hl," 
the  next  isjnaxked  "H2,,f  and  so  on.  The  sec- 
ondary terminals,  "XI"  'OB,"  and  so  on,  may 
be  in  numerical  order  or  reverse  order. 


Transformer  polarity  is  important  only  when 
transformers  are  -connected  in  parallel  for 
single-phase  operation  or  are  used  to  supply 
threerj>hase  service,  -figure  9-31  shows  the 
lead  markings  of  single-phase  transformers 
with  additive  and  subbactive  polarity.  Figure 
9-32  shows  how  tb  test  foF^Krity  if  theliame- 
plate  is  missing. 

CAUTION:  When  making  such  testsf  voltage 
must  not  be  applied  across  the  secondary"ii3e 
of  the  transformer  because  the  primary  voltage 
would  then  be  equal  to  the  applied  secondary 
voltage  multiplied  by  the  transformer  turns 
ratio.  This  voltage  would  be  dangerously  high 
to  personnel  and  damage  the  voltmeter. 

POLE-MOUNTED  TRANSFORMERS 

Transformers  are  mounted  on  poles  ia  vari- 
ous ways,  such  as:  suspended  on  a  bracket 
bolted  to  the  pole;  suspended  from  a  crossarm 
with  brackets;  or  set  on  a  platform  mounted  on 
anH-frame. 

Single-phase  transformers  are  usually  hung 
with  a  through-bolt  type  bracket  or  a  crossarm 
type  bracket.  Figure  9-33  shows-  a  single 
transformer  ♦hung  with  crossarm  brackets* 


HIGH-VOITAGI  SIDf 


lOW-VOlTAGf  SIDI 


SUft  TRACTIVE  POLARITY 


Ht  AND  X< 
DIAGONAUY 
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X*  Xt 
ADDITIVE  fOtAWTY 


73.84 


Figure  9-31.-Lead  mailings  of 
single-phase  transformer. 
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73.85 

Figure  9-32.-Test  for  transformer  polarity. 

Figure  9-34  shows  a  bank  of  three  transformers 
of  25-Kva  capacity  hung  the  same  way* 

Formerly,  all  banks  of  three  transformers 
were  hung  with  crossarm  brackets  or  mounted 
on  a  platform  between  two  poles.  Recently, 
though,  the  transformer  manufacturers  have,, 
because  of  improved  materials,  increased  the 
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with  croesarm  brackets. 


capacities  of  transformers  without  increasing 
their  size  and  weight,  so  that  banks  of  three 
large  transformers  can  be  hung  on  a  pole  by 
the  use  of  the  through-bolt0  bracket  type  of  sus- 
pension, as  shown  in  figure  9-35. 

The  old  method  of  mounting  transformers 
on  a  platform  required  an  extra  pole  and  the 
added  cost  of  building  the  platform.  Recently 
various  power  companies  have  adjudged  the 
platform  type  mounting  as  obsolete,  and  are 
using  the  through-bolf  method  of  hanging  the 
transformers  for  the  smaller  transformers  on 
all  new  construction.  Figure  9-36  shows  the 
platform  method  of  mounting  a  bank  of  three 
single-phase,  25  leva  transformers,  Y-connected 
to  obtain  single-phase  and  three-phase  power. 

SUBSTATIONS 

There  are  various  types  of  substations,  but 
only  two,  the  "transmission"  type  and  the 
"local"  type,  will  be  discussed  here. 

The  transmission  type  of  substation  is  usu- 
ally installed  where  a  high-voltage  transmission 


26.82(73) 
Figure  9-34.— Three-phase  bank  of 
 transformers  hung- on  crossarm.  — 


line  from^  a  generating  source  of  power  enters 
a  base  or  town-that  is,*  at  the  point  where  high 
transmission  voltage  (which  may  range  up  to 
110,000  kva)  is  to  be  reduced  to  lower  distribu- 
tion voltage  (which  is  usually  2400  volts).  This 
type  of  substation  (see  figure  9-37)  is  equipped 
'with  large  .metal-clad  transformers  of  a  high 
kva  rating. 

The  local  type  of  substation  (fig,  9-38)  is 
equipped  with  the  regular .  tank-type  trans- 
former, but  of  a  size  too  large  for  pole- 
mounting.  This  type  of  station  reduces  2400- 
volt  line  voltage  to  110/220-volt  distribution-line 
voltage. 

~  Both  types  of  substations  are'  mounted  on  a 
ground-level  concrete  slab.  A  "cyclone"  type 
of  wire  fence  surrounds  the  station  to  keep  un- 
authorized personnel  away  from  the  transformer 
connections. 


TRANSFORMER  CONNECTIONS  / 

Transformers  are  commonly  clmnected  for 
three-phase  service  by  either  "delta"  connection 
or  Y-connection  (also  called  star  connection). 


EJJC 


m ' 


Figure  9-35.-Three  37.5  kva  transformers 
mounted  with  through-bolt  type  brackets. 

Delta  connection  (fig.  9-39)  is  made  by  con- 
necting adjacent  terminals  of  the  transformers. 
The  right  lead  of  one  winding  is  connected  to 
the  left  lead  of  the  next  winding.  Coil  voltage 
equals  phase-to-phase  voltage  of  the  line.  Coil 
current  equals  line  current  in  each  phase  wire 
divided  by  1.73.  * 

Y-coonectiori  (fig.  9-40)  is  made  by  con- 
necting the  three  right  (or  the  three  left)  leads 
to  a  common  neutral.  The  three  left  (or  right) 
leads  are  connected  to  phase  wires  of  the  lines. 
Coil  current  equals  line  current  in  each  phase 
.wire.  Thus,  if  three  2400-volt  transformers 
-are  Y-connected  to. a  circuit  which  measures 
2400-volts  from  phase-to-neutral  or  4160T  volts 
from  phase  to  phase,  coil  voltage  -is  2400'volts. 

Three  single-phase  transformers  connected 
to  a  three-phase  circuitarecaUedatransformer 


"bank."  Connections  are  made  with  combina- 
tions of  delta  connections  and  Y-connections, 
some  of  which  are  as  follows: 

A  bank  of  transformers  is  "delta-delta- 
connected"  when  the  primary  windings  and  the 
secondary  windings  are  both  connected  in  delta 
(fig,  9-41). 

In  an  "open-delta"  connection  (fig.  9-42)  one 
of  the  three  transformers  in  a  delta-delta  bank 
is  disconnected  because  of  failure.  This  con- 
verts the  delta-delta  connection  to  an  "open- 
%  delta"  connection  for  emergency  operation.  The 
.  open-delta  connection  delivers  three-phase 
power  using  only  two  single-phase  transformers. 
The  removal  of  one  of  the  three  transformers 
reduces  the  capacity  of  the  bank,  n  v  to  66  2/3 
percent  of  the  original  capacity  as  one  might 
expect  (100  percent  minus  33  1/3  percent),  but 
to  58  percent  of  the  original  capacity. 

A  bade  of  transformers  is  "Y-delta  con- 
nected" when  the  three  primary  windings  are 
Y-connected  and  the  three  secondary  windings 
delta-connected  (fig.  9-43).  This  permits  the 
use  of  a  primary  voltage  of  4160  volts  with  an 
output  of  240  volts.  Actually  the  primary  volt- 
age of  each  transformer  is  2400  volts,  as  shown 
*  in  figure  9-43. 

A  bank  of  trans  formws~isr  '"deltas- 
connected"  when  the  three  primary  windings  are 
delta-connected  and  the  three  secondary  wind- 
ings Y-connected  (fig.  9-44).  By  Y-connecting 
the  secondary,  you  can  take  care  of  three-phase 
power  and  single-phase  lighting  from  the  same 
— transformer  bank.  The ^  single-phase  load  is 
evenly  distributed  by  using  the  neutral  wire  and 
alternate  lines.   You.  can  supply  atllO-volt 
single-phase  lighting  system  from  a  delta-delta 
connected  bank  of  transformers  by  grounding 
the  midtap  of  one  of  the  transformers;  however, 
this  h2fi  the  disadvantage  that  it  puts  the  entire 
lighting  load  on  one  transformer. 
*  A  bank  of  transformers  is  frY-Y-?cnncCted" 
(fig.  9-45)  when  both  primary  and  secondary  " 
windings  are  Y-connected.  Because  the  ar- 
rangement is  one  which  causes  inductive  dis- 
turbances, it  is  seldom  used. 

PROTECTIVE  DEVICES 

Circuit  .protective  devices  are  divided  into 
two  main  categories:  primary  devices  and 
secondary  devices.  The  primary  devices  pro- 
tect the  high-voltage  transmission  lines,  the 
transformer  installations,  and  the  substations. 
The  secondary  devices  protect  the  electrical 
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Figure  9-39.— Delta  connection* 
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Figure  9-42.— Open-delta  connection. 

equipment  on  the  secondary  side  of  the  trans- 
formers—that  is,  the  lighting  circuits,  motors, 
add  other  appliances  which  are  the  final  con- 
sumers of  power.  ^ 

PRIMARY  DEVICES 

The  primary  protective  devices  consist  of 
fused  disconnect  switches,  circuit  breakers, 
lightning  arresters,  and  grounds. ... 

Disconnect  switches  used  in  transmission 
lines  are*  not,  strictly  speaking,  true  protective 
devices,  because  they  are  used  for  isolating 
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Figure  9-43.— Y-delta  connection.  - 


73.96 


.only  certain  parts  of  the  line.  By  opening  a 
disconnect  switch,  linemen  can  cut  a  line  off 
from  the  main  line  or  circuit,  for  repair  work, 
without  deenergizing  the  complete  circuit. 

This  type  of  switch  is  made  for  single-pole 
or  gang  operation.  Although  it  may  be  motor- 
operated,  it  is  more  commonly  operated  by 
hand  on  the  ground,  by  throwing  a  switch  handle. 
Both  handle  and  rod  must  be  grounded.  A 
handle-to-the-ground  operated  gang  disconnect 
switch  must  also  have  some  means  of  locking 
the  switch  in  ON  or  OFF  position,  to  prevent 
operation  by  unauthorized  person. 


Figure  9-46  shows  a  single-pole  hook- 
operated  disconnect  switch.  Figure  9-47  shows 
a  pole-top  disconnect  switch. 

Primary  cutouts  or  fused  disconnect  switches 
are  placed  ahead  of  transformers,  in  the  pri- 
mary feeder, -to  open  the  circuit 'should  the 
transformer  become  overloaded  to  a  dangerous 
point.  They  are  also  used  to  isolate  the  trans- 
former in  order  to  make  repairs  or  changes  on> 
the  secondary  line.  Figure  9-48  shows  a  100- 
-'arapere-7500-volrtase  disconnect  equipped  with 
a  standard  fuse  holder  and  fuse  link.  By  sub- 
stituting the  ,switch  blade  (shown  at  left  of  cutout) 
for  the  fuse  holder,  the  cutout  can  be  used  as  a 
straight  disconnect  switch.  The  switch  blade 
has  a  200-ampere  carrying  capacity.  Figure 
9-49  shows  open-type  fused  disconnect  switches. 
Disconnect  switches  are' generally  used  in  the 
primary  circuit  when  opening  the  circuit  is 
necessary  under  voltage  but  with  little  or  no 
load  current. 

Oil  circuit  breakers,  mentioned  in  a  previous 
chapter,  are  used  in  circuits  carrying  more 
than  600  volts^.  One  of  these  can  be  used  to 
-  open-a-  circuit  automatically  upon  overload. 
They  are  generally  designed  and  connected  for. 
one  or  more  automatic  reclosings,  thus  restar- 
ting service  rapidly  when  a  fault  has  cleared 
itself.  Oil  switches  are,  therefore,  used  where 
control  of  a  high-current  circuit  as  well  is 
protection  from  overload  and  short  circuit  are 
desired. 
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Figure  9-44.-Delta-Y  connection. 
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Figure,  9-45.- Y-Y  connection. 
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Figure  9-46.— Single-pole  hook-type 
disconnect  switch. 

Some  transformers  are  protected  against 
excessive  voltages  and  overload  by  lightning 
arresters  and  circuit  breakers  which  are  inte- 
gral' parts  of  the  transformer  (see  fig.  9-50). 
A  heavy  overload  on  the  secondary  circuit 
opens  a  breaker  inside  the  tank,  disconnecting 
the  transformer  from  the  load.  Overloads  not 
large  enough  to  damage  the  transformer  cause 
an  indicating  light  on  the  outside  of  the  tank  to 
turn  on.  The.  glowing  light  indicates  that  the 
load  is  too  large;  Unless  the  overlo&d  is  only 
temporary,  the  transformer  must  be  replaced 
by  one  of  larger  capacity,  or  some  of  the  load 
•must  be  transferred  to  a  different  transformer. 

LIGHTNING  ARRESTERS 

— ^A~lightning  arrester  protects  a  line  against 
the  very  high  Voltages  which  occur  when  light- 
ning strikes.    When  the  voltage  rise  above 


Figure  9^47.— Pole^toplllsconnect  switch. 

normal,  occurs,  an  arc  forms  across  a  horn-gap 
in  the  arrester  and  the  overload  passes  from 
the  horn-gap  to  ground  through  the  ground  wire 
or  other  grounding  device.  When  the  excessive- 
voltage  interval  has  passed  (immediately  after 
the  lightning  has  struck),  the  action  of  the  ar- 
rester prevents  flow  of  normal  current. 

Various  types  of  lightning  arresters  are 
shown  in  figure  9-51. 

Table  9-3  is  a  troubleshooter's  guide  to  be 
used  in  determining  maintenance  procedure  for 
oxide-film  arresters. 

«» 

OIL  CIRCUIT  BREAKER 
TROUBLESHOOTING 

.  Table  9-4  should  be'  helpful  as  a  guide,  for 
the  maintenance  of  oil  circuit  breakers. 

EXTERIOR.  LIGHTING 

A  "series"  outdoor  lighting  circuit  (fig.  9-52) 
is  supplied  by  a  regulating  transformer  which 
gives  a  uniform  current  usually  of  6.6  amperes 
to  the  street  lights  in  the  circuit.  Insulating 
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Figure  9-48.— Fused  cutout  and 
disconnect  blade. 


transformers  or  autotransformers  are  availr 
able  for  stepping  up  the  current  to  15  or  20 
amperes.  The  higher  amperage  permits  more 
rugged  lamp  filaments,  which  give  longer  life 
»for  lamps  of  equal  candle  power  and  higher  lamp, 
efficiency.  The  series  circuit  is  easily  con- 
trolled, but  any  break  interrupts  the  entire  cir- 
cuit. Film-disk  cutouts  in  the  lamp  socket 
(fig.  9-53)  prevent  lamp  failures  from  inter- 
rupting the  circuit. 

With  the  lamp  operating/  the  current  passes 
from  one  finger  through  the  lamp  and  out^the 


73.102 

Figure  9-49.— Open-type  fused  • 
disconnect  switches.  . 

other  finger.  When  a  lamp  foils  ,  the  film-disk 
insulation  punctures,  allowing  the  current  to 
pass  from  one  finger  through  the  punctured 
film  diskp  to  the  other  without  going  into  the 
lamp.  The  center  terminal  is  mounted  so  the 
fingers  are  shorted  when  the  lamp  is  removed,* 
\preventingthe  circuit  from  being  opened.  CAU- 
TION: Do  not  re-use  punctured  film  disk  cut- 
otits  or  substitute  tape  or  paper  for  a  film  disk 
cutout. 

A  ^multiple"  circuit  consists- of  a  number 
of  street  lights  supplied  by  a  distribution 
transformer  delivering  a  constant  low  voltage 
to  a  circuit  or  a'  secondary  main  which  also 
supplies  othe*  loads.  However t  running  sec- 
ondary conductors  -.any  great  distance  to  supply 
a  lamp  or  group'of  lamps  is  impractical  be-. 
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Figure  9*50.— Self-protected  transformer. 


cause  of  the  excessive  voltage  drop.  The  cost 
of  the  multiple  luminaire  (the  term  "luminaire" 
is  applied  collectively  to  alight  and  its  attendant 
reflectors  and  other  accessories)  is  low  com* 
pared  to  the  series  type,  because  of  the  low 
voltage;  but  this  saving  is  largely  offset  by  in* 
created  control  devices  and  increased  copper- 
wire  size. 

INSTALLING  LIGHTING  CIRCUITS 

A  series  circuit  may  be  installed  with  the 
return  wire  on  the  same  pole  or  it  may  follow  a 
different  route.  These  are  known  as  closed  loop 
and  open  loop  circuits  (fig.  9-54).  A  series 
circuit  may  be  installed  on  the  same  crossarm 
with  the  primary-distribution  conductors  (fig. 
9-55).  If  two  primary  crossarms  are  neces- 
sary, the  street-light  wires  should  be  carried 
on  the  lower  arm  in  the  end-pin  position.  If 
two  separate  *  single-conductor  street  circuits 
are  on  the  same  lead,  they  should  hot  be  placed 
in  adjacent  pin  positions  because  it  would  cause 
confusion  in  troubleshooting. 


INSULATORS 

Insulators  should  be  based  on  the  open-circuit 
voltage  of  the  largest  regulator  (see  later),  and 
are  usually  the  same  si~e  as  those  used  fcr 
primary  distribution. 

CONDUCTOR  SIZE 

Conductor,  size4  should  be  No.  6  medium  hard- 
drawn  copper  or  its  mechanical  equivalent.  Sag 
should  be  the  same  as  for  primary  distribution* 

REGULATORS  AND  CONTROLS 

Constant- Current  Regulators 

The  constant-current  regulator  is  a  trans- 
former with  a  movable  secondary  winding  that 
positions  Itself  to  provide  constant  current  for 
any  load  within  its  full-load"  rating.  For  series 
street  lamps,  the  current  must  be  held  close  to 
the  current  rating  of  the  lamp,  because  higher 
currents  reduce  lamp  life  and  lower  cuf rents 
reduce  light  output. 


PRIMAJIY  OIL  SWITCHES 


trJet-1 


The  switch  for  energizing  street-light  regu- 
lators should  operate  in  oil,  because  it  must 
break  the  primary,  current  of  a  regulator  at 
least  once  each  day.  If  manual  control  switches 
are  used,  someone  must  be  cm  duty  when 
switches  aire  turned  on  and  off.  Ordinarily,  the 
street  circuits  should  be  turned  on  one  half- 
hour  before  sunrise.  * 

TIME  SWITCHES  - 

A  time  switch  is  a  clock-driven  mechanism 
which  can  be  set  to  turn  street  circuits  on  and 
off  automatically.  A  time  switch  should  have  a 
weatherproof  case  if  mounted  outdoors.  In  eli- 
minates where  the  temperature  goes  lower  than 
10*  F,  a  heating  unit  must  be  included  or  the 
time  clod:  must  be  placed  indoors.  Ordinarily 
a  40- watt  resistor  connected  across  the  line 
side  furnishes  enough  heat 

There  are  other  types  of  automatic  switches, 
including  the  photoelectric  relay,  which  turns 
on  lighting  circuits  when  the  natural  illumination 
falls  below  a  given  level.  ; 
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Table  9-3.-Oxide-film  arrester  maintenance  schedule. 


^_  Trouble 

Probable  Cause  - 

Remedy 

Tracing  or  corona  marks  on 
surface  of  wood  clamping 
posts. 

Undue  leakage  of  power  cur- 
rent over  surface  of  clamp- 
ing post  caused  by  accumu- 
lation of  semiconducting 
dirt  or  foreign  matter. 

Disassemble  cell  stock. 
Clean  and  refinish  posts. 
Reassemble. 

Flashover  of  wood  clamping 
*    :  posts. 

Accumulated  semiconducting 
dirt  or  foreign  material^  , 
on  clamping  nosts  ' 

Replacement  of  clamping  posts 
usually  necessary.  If  cells 
are  Dacuy  burned,  replace 
them. 

Arcing  or  corona  discharges 
from  gap  assembly  or  cell- 
stack  assembly. 

Loose  or  broken,  connections. 

Tighten  or  repair  connec- 
tions. 

.    ..  ■ 

Insufficient  clamping  pres- ' 
sure  on  cells  or  improper 
centering  of  cells  on 
clamping  plates. 

Adjust  clamping  plates  to 

press  cell  stack  securely 
1  in  position. 

Incorrect  gap. 

Set  gap  in  accordance  with 
instructions/ 

EXTERIOR  LIGHTING  FIXTURES 

A  .street-lighting  fixture  includes  the  mount- 
ing bracket  or  post  as  well  as  the  luminaire 
itself.  The  mounting  bracket  for- an  overhead 
light  usually  consists  of  a  metal  pipe  or  frame 
work  with  a  pole-mounting  fitting  at  one  end 
and  a  luminaire  at  the  other  (fig.  e9-56).  An 
"upsweep  bracket"  type  of  fixture  is  shown  in 
figure  9-57.  A  "straight-bracket"  fixture  is 
shown  in  figure  9-58. 

Positioning  the  lamp  at  or  near  the  center 
of  the  street  (called  center-span  installation, 
fig.  9-59)  gives  the  most  satisfactory  street 
lighting  and  is  preferred. 

To  prevent  any  pdssibility  of  fragmented 
glass  from  entering  your  eye,  wherever  possi- 
ble, keep  your  eye  level  above  thafrof  the  lamp 
when  replacing  a  defective  lamp. 

OBSTRUCTION  LIGHTING 

Obstruction  lights  are  used  to  indicate  the 
existencexof  obstructions.  "These  lights  are 
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aviation  red  in  color,  with  an  intensity  of  not 
less  than  10  candlepower.  The  number  and  ar- 
rangement of  lights  at  each  level  to  be  lighted 
should  be  such  that  the  obstruction  is  indicated 
from  every  angle  of  azimuth.  Figures  9-601 
through  62  illustrate  these  methods  of  lighting. 

Vertical  Arrangement 

At  least  two  lamps,  either  operating  simuU 
taneously  or  circuited  so  -  that  upon  failure  of 
one,  another  becomes  operative,  will  be  located 
at  the  top  of  the  obstruction.  -An  exceotion  is 
made  in  the  case  of  a  chimney  or  similar 
structure^  on  which  the  top  lights  are  to  be 
placed  between  5  and*  10  feet  below  the  top. 
Where  the  top  of  the  obstruction  is  more  than 
150  feet  above  the  level  of  the  surrounding 
ground,  an  intermediate  light  or  lights  will  be 
provided  for  each  additional  150  feet,  or  frac- 
tion thereof.  These  intermediate  lights  will  be 
spaced  as  equally  as  practicable  between  the 
top  light,  or  lights,  and  the  ground  level. 
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Table  9-4,-Oil  circuit  breaker  troubleshooting. 


Trouble 


Probable  Cause 


Remedy 


Switch  overheats  under 

normal  continuous  service. 


Tanks  bulged,  oil  thrown 
out  through  breather, 
and  the  like  from  force 
of  explosion* 


Smoking  at  breathers,  mech- 
anism openings,  and  so  on 
while  switch  is  in  service. 


Overload 


High  resistance  contact  re- 
sulting from  burns. 


Not  enough  tension  on  contact 
springs. 


Oxide  deposit  on  contact 
block.- 

r 

Oil  deteriorated. 

Popr  contact  on  bushing. 


Leads  to  bushing  terminals  too 
small. 

Poor  ventilation. 

Switch  opening  too  slow  or  „ 
did  not  open  all  the  way  to 
clear  the  arc.  *' 


Severe  arc  caused  by  switch 
opening  under  short  circuit. 


Short  or  ground  caused  by 
lightning. 


Bushing  failure  inside  switch 
_.    orjfailure  of  wood  number 
causing  phase  to  ground 
short  inside  tank. 

Arcing  at  contacts  or  across 
wood  members  below  oil 
line  ignites  liners  or  wood 
members.  Leakage  across 
wood  members  may  be 
caused  by  water  or  carbon  in 
the  oil  or  dampness  in  tfood. 
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Reduce  load  or  increase 
capacity  of  circuit  breaker. 

Dress  up  contacts  properly 
and  adjust  to  correct  ten- 
sion. 

If  contacts  are  not  burned, 
increase  tension  on  contact 
springs. 

Dress  contact  block  with 
fine  sandpaper. 

Replace  oil  in  tanks; 

Remove  and  dress  up  connect- 
ing lugs,  terminals,  and 
the  like. 

Increase  size  of  leads.  • 


Improve  ventilation. 

Adjust  switch  to  proper  opening 
speed.  See  that  it  opens  all 
the  way  and  does  not  Rebound 
to  reestablish  arc. 

Overhaul  switch.  Change. or 
renovate  oil.  Repair  damage. 
Remove  primary  cause  of 
trouble. 

Check  lightning  arresters 
and  repair  or  replace  as 
necessary.  * 

Replace  bushing  or  wood  mem- 
ber. Repair  damage.  ' 


Remove  oil  switch  from  cir- 
cuit at  once.  Locate  source 
of  trouble.  Check  condition 
of  oil,  wood  members, 
contacts,  liners, 'and  baffles 
in  tank.. 
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Table  9-4.-011  circuit  breaker  troubleshooting— (continued). 


Trouble 

Probable  Cause 

Remedy 

awiicn  overt  ravels  in  clos- 
ing. 

Broken  or  weak  buffer  springs. 

Replace  buffer  springs. 

* 

* 

Bell  crank  mechanism  travel* 
ing  too  far  over  center* 

Adjust  bell  crank  linkage, 

• 

Mechanism  stops  not  properly 
adjusted. 

Set  stops  on  mechanism  as 
indicated  by  hand  operation  of 
switch. 

Broken  trip  spring. 

Replace  trip  spring  and  adjust 
properly. 

Switch  rebounds  and  partially 
recioses  azier  oeing  tripped 

out  / 

Empty  dash  pots. 

Clean  and  refill  dash  pots. 

Dash  pots  not  adjusted  prop* 
erly. 

Adjust  dash  pot  travel. 

Broken  bumper  spri&g.  • 

Replace  bumper  spring. 

Overtension  on  balance 
spring*  „  " 

Adjust  balance  spring 
tension. 

73.320*2 

Horizontal  Arrangement 

Obstructions  consisting  of  built-up  and  tree- 
covered  areas  are  examples  of  extensive  ob- 
structions. Where  an  extensive  obstruction  or 
a  group  of  closely  spaced  obstructions  is 
marked  with  obstruction  lights,  the  top  lights 
will  be  displayed  on  the  point  or  edge  of  the  ob- 
struction highest  in  relation  to  the  obstruction 
marking  surface,  at  intervals  of  not  more  than 
ISO  feet,  so  as  to  indicate  the  general  definition 
and  extent  on  the  obstruction*  If  two  or  more 
edges  of  an  obstruction  located  near  an -airfield 
are  at  the  same  height,  the  edge  nearest  the 
airfield  will  be  lighted. 

Lighting  of  Overhead  Wires 

When  obstruction  lighting  of  overhead  wires 
is  needed,  the  lights  will  be  placed  not  more 
than  150  feet  apart  at  a  level  not  below  that  of 
the  highest  wire  at  each  point  lighted.  When  the 
overhead  wires  are  located  more  than  150,000 


feet  from  the  center  of  tlie  landing  area,  the 
distance  between  lights  may  be  increased  to  no 
more  than  600  feet 


^  OVERHEAD  SYSTEM  SAFETY 

PROTECTIVE  CLOTHING 
.  AND  EQUIPMENT 

A  lineman  should  always  wear  gloves  if  he 

is  tending  a  reel  for  stringing  conductors. 

Never  work  with  the  gauntlets  of  the  gloves 

turned  down. 
-7-  Do  not  wear  hobnailed  shoe*  or  shoes  with 
^r^hetal  plates.  When  trimming  ittes  for  pole 

v  lines,  wear  rubbers  or  rubber-soled  shoes  for 
^Hinbing.  Always  test  safety  strap  and  body  belt 

before  using  them.  Never  wear -a  strap  with 

stitching  across  it,  or  one  mended  with  tape. 

Make  all  the  safety  checks  of  climbing  equip- 
t  ment  previously  mentioned  in  this  chapter  every 

time  you  prepare  to  go  aloft* 


231 


1276 


°.  CONSTRUCTION  ELECTRICIAN  3  &  2 


itOWM  MMttLAJM 


MOWN  POBCHAtN 


MOWN  POtCllAIN 


VAIV'  TYPE 


EXPULSION  TYPE 


VISIBLE  GAP  TYPE 
WITH  ISOLATOR 


Figure  9-51.— Types  ol  lightning  arresters. 


73.104 


PRIMARY 


constant* 

„  ,    regulator  ser,es 

^  low- voltage  control  for  primary  switch 
(timc  switch,  photo  electric  relay,  or 
manual  Switch) 


73.262  \ 


Figure  9-52.— Series  street-lighting 
*  ,  circuit. 
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Figure  9-53.— Series  lanip,°  socket, 
.  v      .  and  film  disk.  ' 
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Figure '9-54.— Closed  and  open  loops 
in  series  circuits. 

SAFETY  IN  POLE-RAISING 

As  a  pole  is  being  raised,  it  is  safest  .to  as- 
sume that  at  any  moment  something  may  slip 
or  break.  Stand  as  far  away  from  the  pole  as 
possible  if  you  are  not  in  the  raising  crew. 

The  pike-pole  method  of  setting  poles  should 
not  be  used  unless  there  are  enough  men  to  do 
the  work  safely.  In  using  pikes,  the  men  must 
stand  far  enough  apart  so  .that  they  will  not 


interfere  with  each  other.  Never  brace  a  tflke 
pole  on  your  stomach.  If  the  pole  shifted  your 
way,  you  would  not  be  able  to  get  clear. 

SAFETY  IN  POLE  CLIMBING 

Never  climb  an  erected  pole  until  it  has  been 
plumbed,  backfilled,  and  tamped.  Before  going 
aloft,  make  sure  the  pole  can  stand  your  weight, 
and  make  the  previously  described  careful  in- 
spection of  body  belt,  safety  strap,  and  climbers. 

The  body  belt  contains  pockets  for  small 
tools.  It  is  important  to  keep  the  tools  in  these 
pockets.  N<*  *er  use  the  center  loop  oh  the  body 
belt  for  carrying  a  tool,  however.  In  case  of  a 
fall,  the  tool  may  injure  your  tail  bone. 

If  you  try  to  climb  with  tools  in  your  hands, 
your  own  balance  on  the  pole  will  be  unsafe,  and 
you  could  drop  tools  on  someone  below.' 

The  safety  strap  is  used  |o  secure  you  to  the 
pole,  leaving  your  lands  free  to  work.  As  you 
go  up  it  is  always  fastened  to  a  single  D-ring 
on  the  body  belt.  For  a  right-handed  man  it  is 
carried  on  the  left  D-ring. 

Never  use  an  improvised  safety  strap,  or 
one  that  has  been  lengthened  by  the  addition  of 
rope  or  wire.  Never  attach  the  strap  to  pins  or 
to  crossarm  braces.  Never  put  the  safety  strap 
around  the  pole  above  the  highest  crossarm  if 
the  length  of  pole  above  the  crossarm  is  short. 
The  strap  should  never  be  less  than  1  foot  below 
top  of  the  pole.  > 

-Never  wear  climbers  except  when  climbing 
or  about  to  climb.  Be  careful  not  to  gaff 
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Figure  9-55.— Series  circuit  on  same  crossarm  with  primary  distribution  system. 
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Figure  9-56.— Common  type  of 
exterior  lighting  fixture. 
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Figure  9-57.— Upsweep-bracket  fixture. 

yourself  or  anybody  else.  Never  near  climbers 
while  riding  in  a  truck.   


73.267 

-     Figure  9-58. -Straight-bracket  fixture. 

POLE-TOP  RESUSCITATION 

When  a  man  working  aloft  is  shocked  into 
unconsciousness,  there  are  several  ways  of 
performing  "pole-top  resuscitation,"  depending 
on  the  prevailing  circumstances.   

If  the  victi^^^noUreceiv^TseverelEace 
or  nose' injuries,  the  mouth-to-mouth  method 
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Figure  9-59.-Center-span  installation. 
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Figure  9-60.-Ligfating  of  towers,  poles 
and  similar  obstructions 


to 
to 


described  should  be  given  in  preference 
.  other  pole-top  methods,  because  it  is  easier  iu 
apply,  can  be.  started  more  quickly,  is  more 
eoecttTe,  and  can  be  given  for  a  longer  period 
of  time  without  tiring  the  operator.  The  same 
rule  apply  for  this  method  on  a  pole  as  for  on  - 
.  the  ground. 

If  the  mouth-to-mouth  method  cannot  be 
used,  the  next-best  alternative  is  the  Oester- 
reich  pole-top  method.  This  is  administered 
as  follows.  First  free  the  victim  from  electri- 
cal contact,  making  careful  use  of  rubber  insu- 
lating equipment.  Then,  if  possible,  maneuver 


A.-0*C  THAN  300  FT  tUT  WOT  MpMC  THAN  «9Q  FT. 

*>•  73.324 
Figure  9-61.-Ligfating  of  smokestacks 
and  similar  obstructions. 

him  into  vertical  position  and  .remove  his 
climbers. 

Next  take  a  position  on  the  pole  just  below 
the  victim's  fleet,  and  with  your  safety  belt 
around  the  pole,  climb  behind  the  victim  with 
-  W  safety  strap  between  his  legs.  When-the 
.strap  is  as  high  between  the  legs  as  you  can  get 
ft,  hold  the  victim  in  .straddle  position  - on  the 
strap  a3  shown  in  figure  9-53A. 

Next  clear  the  victim's  mouth  of  any  ob- 
structions "and/or  foreign  matter  and  tilt  the 
bead  back  to  clear  the  air  passage.  Then  en- 
circle the  waist  of  the  victim  with  your  arms, 
and  place  both  hands  on.  his  abdomen,  with 
thumbs  below  the  ribs  and  fingers  touching,  as 
shown  in  figure  9-63B.  With  your  arms  and 
hands,  compress  the  abdomen  with,  an  upward 
.squeezing  motion.  At  the  finish  of  this  motion, 
cup  your  hands  with  the  fingers  depressing  the 
abdomen  just  below  the  breast-bone.  Repeat 
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#    Figure  9-62.— Lighting  of  water  towers 
and  similar  obstructions. 

this  process  of  squeeze,  pressure,  and  release 
about  12  times  a  minute.  If  the  victim  begins 
to  breath,  take  care  to  keep  him  under  control 
while  the  violent  motion  which  usually  accom- 
panies recovering-  consciousness  is  occurring. 


4.227(73) 

Figure  9-63.— Oesterreich  method  of 
pole-top  resuscitation. 

If  you  are  the  only  other  person  (besides  the 
victim)  at  the  scene,  inch  yourself  aud  the  vic- 
tim down  the  pole  as  you  apply  the  resuscitation. 
After  you  complete  each  stroke,  lean  forward 
to  slacken  the  safety  belt  (while  still  holding  the  a 
victim  on  it)  and  move  downward,  even  if  you  Jt* 
can  only  make  an  inch  or  two* 

It  others  are  available  on  the  ground,  haveaN 
line  passed  up  ard  secure  it  to  yourself  and  the 
.  victim  so  that  the  personnel  on  the  ground  can  J 
lower  you  both  as  you  give  the,  artificial  respi- 
ration. 

After'  a  victim  has  revived,  keep  him 
quiet  as  possible  until  he  is  breathing  regularly 
Have  him  lying  down;  of  course.  Keep  him  well 
covered  ami  under  constant  close  observation. 
Do  not  allow  him  to  sit  up,'  walk,  or  move  until 
he  is  under  regular  medical  care.  / 


s 


